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PREFACE 



The completed manuscript of this book was given to the publishers 
on July (), 1921. The delay in publication, due to unusual industrial con- 
ditions, has enabled me to make some minor corrections in the clinical 
part of the work and to bring the bibliography up to date. 

A survey of the literature referred to in the bibliojjraphy, which I have 
tried to make comprehensive rather than critical, indicates the wide- 
spread interest in radium therapy. Unfortunately, lack of space has made 
it possible to mention specifically in the text the work of only a few of 
the authors listed in the bibliography. 

The immense task of verifying all of the references in the bibliography 
has been accomplished only through the assistance of Mr. Robert J. Usher, 
Mr. William L. Teal, Miss Beryl L. Kanagy and Miss Hazel B. Kraft and 
1 desire to express my thanks for their invaluable help. 

I wish also to express at this time my appreciation of the great kind- 
ness of several of my colleagues and friends. Dr. Paul Degrais and Dr. 
Bellot of Paris have generously loaned me the drawings of microscopic 
sections, taken from their own immense material, which are reproduced 
in this book. Dr. George Winchester has prepared the framework of 
the chapter on the collection and purification of the emanation for thera- 
peutic purposes. Mr. L. W. Taylor has made the schematic drawing of 
the emanation apparatus and has constructed the emanation decay table 
inserted in Chapter IV. Dr. C. H. Viol has loaned me the photograph of 
the Debierne-Duane-Pailla emanation apparatus which is reproduced in 
the book. He has also read over the sections on the physics of radium 
and made valuable suggestions. Mr. James Eglin has carried out the 
actual work involved in the experiments on the absorption of gamma 
radiations in water, and has made the mathematical calculations used 
in the contruction of the tables in the chapter on dosage. Miss A. B. 
Hepburn, formerly physicist in our laboratory and Mr. Mel v in Mooney, 
the present physicist, have also made valuable suggestions relative to the 
physics of radium. I am also indebted to Mr. Mooney for the schematic 
drawing of the electroscope. I wish to take this occasion to thank the 
publishers for their kind and unfailing cooperation. 

It is hoped that tiie book may be of interest, not only to those actually 
engaged in radium therapy, but to all physicians, and that it may serve 
as a reflex of the current practice in this branch of medicine. 

P. E. S. 
Chicago. Mardi, 1922. 
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CHAPTER I 
THE RADIOACTIVE SUBSTANCES 

THE DISCOVERY OP RADIOACTIVITY 

Soon after Roentgen's discovery in 1895 of the x-rays, several physi- 
cists he^an to experiment with various substances to determine whether 
similar rays might he emitted by chemical bodies spontaneously. Poin- 
care suggested that the production of x-rays, which penetrated matter 
opaque to ordinary light, might be connected with the phosphorescence 
and fluorescence excited by the cathode rays in the glass of the vacuum 
tube. It was natural at first, therefore, to examine substances that 
fluoresced under the action of ordinary light. Prof. Henri Becquerel of 
Paris soon found that the fluorescent salts of uranium emitted radiations 
that passed through a thin layer of silver and affected a photographic 
plate. It was at first supposed that the emission of these peculiar radia- 
tions was in some way connected with the fluorescent properties exhibited 
by some of the uranium compounds. Further experiments proved, how- 
ever, that the nonfluorescent salts and the metal uranium itself, which 
is also nonfluorescent, emitted the radiations. From this observation 
Prof. Becquerel concluded that tlie rays were due to the clement uranium 
and were independent of phosphorescence or fluorescence. The announce- 
ment of this new property of matter — so-called radioactivity — was made 
to tlie Academv of Sciences at Paris on Februarv 24, 1896. Later Prof. 
Becquerel showed that uranium radiations like x-rays were capable of 
discharging electrified bodies such as the electroscope. Rutherford, in 
1899, demonstrated that this effect was due to the ** ionization'' of the 
air in the electroscope by the /adiations. This phenomenon will be re- 
ferred to more fully in our description of the method of measuring the 
gamma-ray activity of radium. 

THE DISCOVERY OF POLONIUM, RADIUM, MESOTHORIUM 

RADIOTHORIUM AND IONIUM 

Using the elect roscopic method of investigation, different physicists 
then examined various other substances in order to determine whether 
they were radioactive. G. C. Schmidt and Mme. Curie, working inde- 
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18 RADIUM THERAPY 

pendeiitly, discovered in 1898 that thorium, an element derived from 
monazite and previously well known, possessed radioactive properties. 
M. and Mme. Curie then found that certain uranium ores exhibited a 
greater degree of radioactivity than could be accounted for by the pres- 
ence of either uranium or thorium. They assumed, therefore, that some 
unknown element or elements were present in the ores. Their labors 
finally resulted in the discovery of polonium which was named from 
Mme. Curie's native land, and later (1898) of radium. Polonium is now 
known to be merely Radium F., one of the decay products of radium 
itself. In 1900, Debierne obtained from pitchblende another radioactive 
product which he called ** actinium** and in 1905 llahn isolated mesothor- 
ium and radiothorium. Ionium was discovered in 1907 bv Bolt wood. A I- 
together more than 30 radioactive substances are now known. 

TRANSFORMATION OF THE RADIOACTIVE SUBSTANCES 

It was at first supposed that the radioactivity of uranium, thorium 
and radium was a permanent attribute. Later, evidence of the decay 
and recovery of radioactivity was noted. Now all accept the hypothesis 
first advanced by Rutherford and Soddy which explains radioactivity as 
a spontaneous process of atomic transformation. This process goes on 
at a regular rate for each radioactive substance and is accompanied by 
the emission of rays and the production of new forms of matter, these 
new elements in time transforming, until finally a stable atomic form 
is reached. These changes go on with greatly varying degrees of rapidity. 
Some of the radioactive bodies are transforming themselves so slowly that 
no change in their radioactivity can be detected over a period of several 
years. Their radioactivity, therefore, is relatively constant. To this 
group belong uranium, ionium, radium and thorium. Other radioactive 
bodies, of which mesothorium 2 and thorium X are examples, transform 
themselves very (piickly and cease to emit rays after a few houi*s or days. 
The rate of transmutation is constant for any given substance, but differs 
for the different radio-elements. The rate at which a substance decays 
follows an exponential law; i.e., the rate at which a substance is decaying 
at a given instant is proportional to the amount present at that instant. 
It is this factor of proportionality that is constant for any particular 
substance. The rate of loss of activity is usually spoken of in terms of 
the ** period/' or more properly the ^*half decay period'' both expres- 
sions being used in an identical manner. The period of radium is ap- 
proximately 1680 yeai-s. By this is meant that after 1680 years, one 
half of the original number of atoms remains untransformed ; after 3360 
years (2x1680) one fourth remains; after 5040 years (3x1680) one eighth 
remains, and so on indefinitely. Radioactive transformations differ from 
ordinary chemical reactions in that the rate of degeneration or change 
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of one radioactive substance into another cannot be altered by any known 
physical or chemical means. The rate of transformation remains the 
same throuji:hout extremes of temperature and pressure. As each radio- 
active substance transforms, it jrives oil' radiations, whicli are of three 
different kinds and are known as ali)ha, beta and ji:amma rays. These 
will be described in a subsequent chapter. 

THE RADIOACTIVE FAMILIES 

At the present time, three i)arent substances are known — uranium, 
actinium, and tliorium — (»ach of which transforms itself into a series of 
substances until an end or stable i)roduct is reached. There are thus 
formed three families or series of radioactive substances, viz., the ura- 
nium series, the actinium scries, and the thorium series. The knowledge 
of the fact that actinium and its decay products are always present in 
uranium minerals, leads to the belief that this product represents a small 
fraction (3 per cent) of the *' uranium 2'* atoms w4iich transform into 
** uranium Y*' rather than into ionium. We may interpolate a table at 
this point showing the members of each series of radioactive bodies, the 
rays each substance emits and its half value, i.e., the time required for 
X» of a given (piantity to disappear by spontaneous tran.sformation. 



Table i 
Ukanium-Kadit'm Family 



NAME 



Uraniiini I 

IJ run ill in >[ 

Uranium X 

Uranium 

Ionium 

Radium 

Knilium Emanation (Niton) 

Kadium A 

Kudium H 

Kadium (' 

(90.97% ) (O.O.'iyO 
Uadiuin C 

2 

(sidi* roartion O.O'.V/f) 
Knd O.O.'iVf 
Kadium C 

(Main reaction 99.97'a ) 
Kadium ]) 
Kadium E 

Kadium F (Polonium) 
Radium G (End Product; 



ATOMIC 
WEIGHT 



2:i8 
2:u 
2;u 

2'M 

2'M) 

22() 
»)»).) 

21S 
214 
214 

210 

210 
214 

210 
210 
210 
2(M> 



HALF DECAY 
PERIOD 



RADIATION 



o billion vears 

•r 

24. (> minutes 

1.1.1 minutes 
About 1,000,000 years 
About 100,000 years 
1(380 vears 
Ji.S.l da\s 

■ 

[] minutes 
2().8 minutes 
19.5 minutes 

1.4 minutes 



0.000001 seconds 



1 ().;■) vears 
.l.O days 
i:m (lavs 



alpha 

beta f gam ma 

betaf^amma 

al])ha 

alpha 

alpha 

alpha 

alpha 

beta+gamma 

beta+gammu 

(alpha) 
beta+gamma 



al])ha 

soft beta 
soft beta 
alpha 
No rays-^ 
Atoms stable 
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Table II 






ACTIN] 


[UM Family 




NAME 


ATOMIC 


HALF decay 


RADIATION 




WEIGHT 


PERIOD 




;i% of Uranium 11 


2:14 


Aljout 1,000,000 years 


alpha 


Uranium Y 


230 


l.n days 


beta 


Protactinium 


230 


Estimated 1,200 to 
180,000 years 


alpha 


Actinium 


22(> 


About 30 vears 


soft ])eta 


Kadionctinium 


22() 


19.5 days 


ali)ha 


Actinium X 


222 


11.4 days 


alpha 


Actinium Emanation 


21s 


'>.9 seconds 


alpha 


Actinium A 


214 


0.002 seconds 


alpha 


Actinium li 


210 


30.1 minutes 


beta+gamma 


Actinium C 


210 


2.15 minutes 


alpha 


Actinium D 


20G 


4.71 minutes 


Ijeta+gamma 


Knd Product 


206 













Table III 
Thorium Family 



NAME 


ATOMIC 


H\LF DECAY 


RADIATION 




WEICIIIT 


PERIOD 




Thorium 


232 


23 billion years 


alpha 


Mesothorium 


228 


6.7 years 


soft beta 


Mesothorium,, 


228 


6.2 hours 


beta+gamma 


Radiothorium 


000 


1.9 years 


alidia 


Thorium X 


2*^4 


3.64 days 


alpha 


Thorium Emanaticm 


220 


54 seconds 


alpha 


Thorium A 


21(J 


0.14 seconds 


alpha 


Thorium B 


212 


10.6 hours 


beta 

()')% beta+gamma 


Thorium C 


212 


60 minutes 


to ThC^ 






1 35% alpha to ThD 


Thorium C (Side Reaction) 


212 


Estimated 10 " se( 


onds alpha 


End 


20s 
208 






Thorium D (Main Reaction) 


3.1 minutes 


beta^ganlma 


End 


208 
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(CHAPTER II 
RADIUM— ITS ORTOIX AND CIIP:MICAL NATURE 

ORIGIN 

Radium was first oxtractctl bv M. and Mine. Curie in the form of 
radium l)roinicle from pitcli])l(Mulo residues, obtained from St. Joaeh- 
imstlial in Bohemia. It was subsequently found to be present not only in 
all pitchblende ores, l)ut also in all minerals containing: uranium. 

The work of IVfcCov, Boltwood and others has shown that in the very 
old uranium minerals there is a strict proportion between the uranium 
and radium content. For each 8,000,000 j^rams (three metric tons) of 
metallic uranium tliere is one jjram of metallic radium. This is very 
stron*? corroborative evidence of the disinteg^ration theory of Rutherford 
and Soddy, according: to which uranium is the parent of radium. In 
uranium-containinjj- minerals of more recent origrin, the amount of 
radium is 30 to 40 per cent less for the same amount of uranium than in 
the older minerals. There is, however, no mineral or ore known, con- 
taining: radium, which does not contain uranium. 

URANINITE AND CARNOTITE 

While many uranium-containing: minerals are known, only two are 
of practical importance. These are uraninite and carnotite. In these 
ores, radium occurs in workable quantities. 

Uraninite is found in Bohemia, Cornwall, Colorado and many other 
localities. This mineral occurs chiefly in an amorphous modification 
known as pitchblende, a dense black substance of variable composition 
and therefore not to be described by a sing:le chemical formula. Pitch- 
blende is essentially an oxide of uranium and contains in varying: quan- 
tities nearly half of the known metals. 

Carnotite is an ore of much gfreater practical importance than uraninite. 
Tt is the chief substance from which radium is now obtained. Large 
deposits of carnotite hav<» been found in Colorado and Utah. In the ** car- 
notite belt" of Colorado it has been estimated that there are at least eigrht 
million pounds of uranium. From this it has been estimated that there 
may be extracted at least 1000 grrams of radium element. 

Carnotite (named from the French chemist Carnot) was first described 
by two French mineralog:ists, Friedel and Cummenge, in 1899. Tt is a 
bright yellow powder composed of very minute crystals. Its chemical com- 
position is very complex, but, when pure, it appears to be a potassium uranyl 
vanadate. Tt occurs in nature in sandstone formations. Average carnotite 
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sandstone contains about 1.5 per cent to 6 per cent 11^0^, and tliis yields 
from 3.5 to 15 mp:. of radium element per ton. The extraction of radium 
from carnotite ore or from other minerals is a very complicated process. 
For the separation of one jjram of radium element, approximately 500 
tons of chemicals and one thousand tons of coal arc used. After a con- 
siderable amount of mechanical preparation (crushing]: of ore, etc.) and 
chemical treatment, the radium and barium are isolated tojrether as ra- 
dium barium chloride. From barium the radium is separated finally in 
the form of radium bromide, by a process of fractional crystallization. 

From this salt, all the other salts (chloride, sulphate, carbonate, etc.) 
are prepared. Radium bromide and radium chloride are soluble while the 
sulphate and carbonate are insoluble in water. 

In the radium solution contained in the ^lass flask from which radium 
emanation is to be extracted for therapeutic purposes the radium is in 
the form of soluble radium chloride. 

For makinp: the various therai)eutic applicators (tubes, «:lazed plaques, 
toiles, etc.) the insoluble radium sulphate is used. 

THE CHEMICAL NATURE OF RADIUM 

Radium is to be re^rarded as a cliemical element (symbol Ra.) belonj?- 
in«r to the «?roup of alkali earth metals, which comprises the elements 
barium, strontium, calcium and mag:nesium. 

Demar(,*ay found that radium jj^ave a new and characteristic brijjrht 
line spectrum similar to the .spectra of barium, calcium and strontium. 
Its atomic weija^ht, as determined by ^fme. Curie, is 22().45. In its chem- 
ical behavior, radium is clos(»ly allied to barium, forminjr a series of 
analojjous salts (bromide, chloride, sulphate, carbonate, etc.). It differs 
essentially from that element, however, in ])ein<i- radioactive. In <^eneral 
properties, it is anah)«r()us to the metals (if the alkaline earths. 

It was not until 1910 that radium was isolated by ^Iiiie. Curie and 
Debierne in a metallic state. It was then found to ])e a i)ure white metal 
showin^r tin? radioactive proj>crtics thai would he expected on tlie assump- 
tion that i-adioactivity is an atomic phcnonicnon. 11 produced r;idiuni 
emanation and its aetivily increased at the theoretic calcnhited rate. 
^Metallic radium changes (juickly when expdscMJ to the air. It reacts w ith 
wateT'. decf>nipnsiiii» it into hvdi'durii with the prfKlnd idii t)\' r.idinni 
hydroxide. 

THE OCCURRENCE OF RADIUM IN NATURE 

licsides (MM'iiri'in'j in iinirf n]- i<'ns (••iiiri-iit ral"d Inrin in \;iri<iii (.r<^. 

radium is t"oniid 1 hrniiLihniii il irlli'v cni-i ;iv oi l" ih-- tlH.^l \\iil.-i\ 

di-t rihni •'(! oj' -nhsi iniccs. Striiii. .Inly. |\iiM(d<c. ;iiid uHmt^ l!;i\f d" 
t<'i'ti'd it ill iniiinic (|iiaiil it ic^- in \(»li-;iiii- rnk^ imd in -.m ;iiiil \'\\'V 
\\ ati-rs. 
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As to the natural occurrence of radium in the animal and ve*?etal)le 
tissues, experiments have been made by Lazarus-Barlow, Bec(iuerel and 
others to determine this point. Evidence has l)een presented to show 
that radium in very minute quantities, but detectable by the electro- 
scope, exists in human tissues. Lazarus-Barlow has sou<?ht to show 
that in human tissues affected by malignant disease a slightly larger 
quantity is present than in normal tissues. This hypothesis cannot be 
considered as established, and since no radium salt is absolutely insol- 
uble, it is difficult to reconcile the concentration of radium in a tissue 
with any hypothesis that does not also involve the simultaneous increase 
in concentration of other elements such as calcium and magnesium, and 
if this be true, their chemical effects must also be considered. 

Prof. Becquerel concluded that if radium or any other radioactive sub- 
stance exists in plants, it is in such small quantities as to have no ap- 
preciable effect on their growth. 



CHAPTER III 
RADIUM EMANATION AND RADIOACTIVE DEPOSIT 

THE DECAY OF RADIUM INTO RADIUM EMANATION 

As has been previously said, radium atoms, like those of the other 
radioactive bodies, are not absolutely stable, but are constantly trans- 
forming: and giving rise to a series of substances. The first of these 
substances is radium emanation — a gas known to chemists as "niton." 
The amount of this gas that is found in equilibrium with one gram of ra- 
dium is a definite quantity and is known as the " curie.'* This is the unit 
of quantity and at standard temperature and pressure (0° C. and 760 mm.) 
may be expressed either as a unit of volume or of weight. At standard 
conditions, the volume of one curie is .63 cubic millimeters, and the 
weight is 6.2 micrograms. It is the heaviest gas known, having a density 
one hundred and eleven times that of hydrogen. 

Chemically, radium emanation behaves as an inert gas, i.e., it forms no 
chemical combinations. It may be regarded as an analogue of the other 
*' noble*' gases, helium, neon, argon, krypton, and xenon. 

Like radium itself, the emanation shows a characteristic spectrum, which 
is quite distinct, however, from that of its parent, radium. At low tem- 
peratures, the emanation can be condensed from the gas with which it is 
mixed. At very low pressures, the emanation condenses at -150° C, the 
temperature of licpiid air. The boiling point at standard pressure is in 
the neighborhood of -65° C, and it has l)een found that the emanation 
cannot exist in the gaseous state below -71° C. Below this temperature, 
marked changes are observed in the appearance of the emanation. 

When the radium atom decays into the radium emanation atom, it gives 
off an alpha particle, which is in reality a helium atom with a double 
positive charge. Since the atomic weight of helium is 4, it follows that 
the atomic weight of the emanation should be ci\na\ to the atomic weijrht of 
radium minus that of helium, or 12*26 - 4-- 222. \W actUcillv wciL^liiiu' a 
known volume of the pure ir;is, (Jrjiy ;iih1 Ujimsny ol)t;iin«'(l tlic vjilnc of 

224. wllicli is very dose lo llic t lirord ic;il Jlloniir \\ri;:li1. 

THE ABSORPTION OF RADIUM EMANATION BY DIFFERENT 

SUBSTANCES 

Kihiinni cniiin.Hion ni<i\ In* iihsorlxMl In sunn' extent 1>\ \;ii'i(»ns sfdids, 
especially porous sul>st;niees sudi ;is eIuii-co;iI ;nHl ]>;i rl i<'uhn'l v 1)V eoco.i- 
nut slirll eli;ireo;iJ i\]\d pliitinuni hl.-ick. 
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Liquids have varying powers of absorbing the emanation. Fresh water 
absorbs more than salt water, while organic liquids absorb it more 
readily than either. 

It was found by Rauseh von Traubenberg that if air containing emana- 
tion was shaken up with water, the air and the water each soon contained 
a definite proportion of the emanation. In this respect the emanation 
follows Henry's law% for it is absorbed until a state of equilibrium is 
reached between the pressure of the emanation in the water and in the 
gas. 

The term " coefficient of absorption'' has been used to express the 
extent to which the emanation is soluble in liquids. This term may be 
defined as the ratio between the concentration of the emanation in the 
liquid and in the gas after equilibrium has been reached. The value of 
this coeflficient may be determined experimentally by the method of von 
Traubenberg, i.e., by shaking up the liquid and tlie gas containing the 
emanation, and then measuring with the electroscope the relative 
amounts of emanation in the licjuid and in the gas. It has been found 
that the coefficient of absorption decreases rapidly as the temperature 
of the water rises, at least between the limits of 0° and 39° C. At room 
temperature the coefficient has a value of .250 and at 37° C, a value of 
.165. The variation of absorption of radium emanation with the tem- 
perature of the w^ater is of importance in connection with the emana- 
tion content of natural spring waters at various health resorts in Eng- 
land, Cfcrmany, the United States and other countries. The amount of 
radium emanation in different springs varies l)etween 1 and 30 millicuries 
per million liters. 

While claims have been put forward for the health-giving qualities 
of the waters of certain resorts, no direct connection can really l)e traced 
between the radium emanation in the springs and physiologic eflfects. 
Definite biologic effects that have been observed to follow the thera- 
peutic administration of radium emanation or radium salts are due to 
quantities several million times greater than are to be f(»und in any 
known natural springs. 

THE DECAY OF RADIUM EMANATION INTO RADIOACTIVE 

DEPOSIT 

Unlike the atoms of radium, which is a comparatively stable substance, 
the radium emanation atoms are very unstable and decay at a rapid 
rate to form atoms of a third substance known as Radium A. This 
change follows a simple exponential law, the half value period of radium 
emanation being 3.85 days. The transformation is thus so rapid that in 
about thirty days practically all of a given quantity of radium emanation 
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will have dcoayod. Later we shall insert a tahle showinjr the rate of 
decay of the emanation. 

When the emanation atom transforms, it *?ives off an alpha particle or 
ray. This particle is actually an atom of helium, which is also a ^as. 
The substance remaining? is an atom of a solid known as Radium A. 
Radium A in turn ^ives off an alpha particle and becomes Radium B. 
Radium B pives off a beta particle and becomes Radium C Radium C 
in turn disinteo^rates but in a more comi)lex manner than the other prod- 
ucts. Radium C may transform itself in two ways. A very small propor- 
tion jrives off an alpha particle and becomes Radium C.^. This latter sub- 
stance is a branch product and so far as we know comes to an end quickly. 
The remainder, and larj^er portion, of Radium C jrives off beta and 
p:amma rays and becomes Radium (\, which in turn jrives off an alph.^ 
particle and becomes Radium I). Radium D gives off a beta ray and 
becomes Radium E. and this product by loss of a beta ray transforms to 
RaF, which is also known as polonium. Poloniiun then gives off an alpha 
particle and becomes the end product of the series, or Radium G, a 
substance chemically indistinguishable from lead, but having an atomic 
weight of 206 while the atomic weight of ordinary lead is 207.1. 

THE RADIOACTIVE DEPOSIT 

The series of substances from RaA to KaF constitutes the so-called 
radioactive de})osit. This latter term was derived from the fact that 
these substances are deposited on the walls of the tube or other con- 
tainer when the radium emanation, sealed in the tube, decays. The 
radioactive deposit may be considered as being composed of two groups 
of substances, the one group being known as that of ** rapid change" 
and the other group as that of *^slow change." Radium A, B, C consti- 
tute the radioactive deposit of ra])id change, their half value periods 
being 3 min., 26.7 min., aiul 19.5 min., respectively; radium D, E, and F 
constitute the radioactive dej)osit of slow change, their half value pe- 
riods being 16.5 years, 5 days, and 136 days respectively. The penetrating 
radiations used therapeutically are derived from the active deposit of 
rapid change and especially from Radium C. 

When a radium salt, such as radium sulphate, is sealed in a glass 
tube, it is evident that the enunuition which is forming continuously can- 
not escape. At the same time the emanation is also disintegrating to 
form the series of products just descril)ed. After a certain time (about 
six weeks) the two i)rocesses have reached a stage at which the number 
of radium atoms disintegrating j)er second to produce emanation atoms 
equals the number of emanation atoms transforming to RaA. When 
this takes place, the rndium is said to be in ecjuilibriimi with its emana- 
tion. It is not necessary, however, for the formation of the active de- 
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posit that the tul)e should contain radium at all. If the radium emana- 
tion alone is introduced into the tube and the tube is sealed, the active 
deposit is formed in precisely the same manner. When the emanation 
has all decayed, the active deposit of course ceases to form and the 
radioactivity of the tube is at an end so far as its therapeutic efficiency 
is concerned. As a matter of fact, radium D, E and F are still contained 
in the tube, but as their transformation is very slow, and as the gamma 
rays produced by them are of feel)le intensity, these products are not 
of therapeutic interest so far as the local application of radium is con- 
cerned. 

The Atomic Disintegration Theory of Rutherford and Soddy 

The disinte<>:r«ti()n theory of Rutherford and Soddy expbiins in a ra- 
tional manner the transformation which radium and the other radio- 
active substances under<ro. According to this theory substances exist in 
nature whose atoms, unlike those of nu)st elements, are not stable but 
are constantly underfroing sj)ontaneous disintegration. These are known 
as radioactive substances. The rapid disintegration or ** explosion*' of 
the atoms of such substances results in a rearrangement of the electrons 
composing the atoms. In a given time a certain definite proportion of 
all the atoms of a radioactive substance becomes unstable and breaks 
up. An alpha particle or ray or beta and gamma rays are given off in 
the process of disintegration. In a few cases, as in the case of actinium, 
wliich transmutes into radioactinium, disintegration of the atom appar- 
ently takes j)lace without rays being given off. There is chemical evidence 
that leads to the belief that in these ^'rayless'' changes there is really 
emitted a low speed beta ray which because (»f its low velocity escapes 
detection. When an alj)ha particle is given olT, as a conse(iuence of 
the disintegration of the atom, the resulting atom is always lighter than 
its predecessor and possesses different physical and chemical properties. 
This is well illustrated by radium and its next transformation product, 
radium emanation, which are strikingly dissimilar, as we have seen. 

From this viewpoint, we may now c(uisider the breaking up of the 
radium atom to form the radium emanation atom, of the radium enuma- 
tion atom to form the atom of radium A, etc. In the radium series 
there are 5 substances that give off alpha particles (helium atoms) as 
they disintegrate. These are, in order of occurrence, Radium, Radium 
emanation. Radium A, Radium (\ and Radium F. Assuming the atomic 
weight of radium to be 226 and that of helium to be 4, the final atom 
])roduced when Radium F disintegrates should have an atomic weight 
of 226 less 20 (i.e., 5 x 4) or 206. This is slightly less than the atomic 
weight of lead and it is an isoto])e of this metal that is the final product 
in the radium disintegration series. In Table IV this point is made 
clear and certain other data are given for reference. 
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Table IV 






RADIUM 


ATOMIC 


WEIGHT PEK 


HALF-VALUE 


RADIATION 


RANGE OF 


SERIES 


WEIGHT 


GR.\M OF 


PERIOD 




ALPHA KAYS 






KADIUM 






AT 15** C. 


Radium 


226 


1 gram 


1(5S0 vears 


alpha 


3.30 cm. 


(Radium 
) Emanation 


ooo 


5.7x10-6 gram 


3.85 days 


alpha 


4.16 cm. 


Radium A 


218 


3.1x10-0 gram 


3.0 minutes 


alpha 


4.75 cm. 


Radium B 


214 


2.7xl0-sgrain 


26.8 minutes 


l>eta+gamma 




Radium C 


2U 


2.0x10-8 gram 


19.5 minutes 


beta-l-gamma 
(alpha) 


6.57 cm. 


Radium 


• ■ • 

210 
210 
210 




1.4 minutes 
16.5 years 

5.0 days 
136 davH 

* 


beta f gamma 
soft beta 
soft beta 
alpha 




Radium D 


8.6x1 0--5 gram 
7.1x10-6 gram 
l.J)xlO-4 gram 




Radium E 




Radium F 


3.77 cm. 


Radium G 


206 








No rays 
Atoms stable 


(End Produc 


•t) 


• 







CHAPTER IV 

THE TECHNIC OF THE PREPARATION OF RADIUM EMANATION 
FOR THERAPEUTIC I^SE AND THE METHOD OF MEAS- 
URING ITS CAMIMA RAY ACTIVITY 

THE PREPARATION OF THE EMANATION 

Radium emanation in tubes or applicators instead of the radium itself 
as a source of therapeutic radiations appears to have heen used first in 
1012 by the London Radium Institute. The Debierne-Duane apparatus 
(Fi^. 1) as modified by P'ailla of New York is used by the writer for 
the extraction, purification, and concentrati<ga of the emanation. This 
apparatus consists essentially of two modifllxl mercury pumps of the 
Toepler type, familiar to physicists. The first pump draws the accumu- 
lated gases from the flask containing the radium solution and introduces 
them into the purification chamber. The second pump withdraws the 
purified emanation and concentrates it in a capillary glass tube. The 
radium in the form of radium chloride is dissolved in about two ounces 
of water to which has been added a small amount of dilute hvdrochloric 
acid to prevent precipitation of the salt. From a practical point of 
view not less than Y^ gram of radium element can be utilized economically 
in this manner. 

The glass flask containing the radium solution is kept in a suitable 
safe, and rests in a porcelain lined lead vessel in order to minimize the 
possibility of loss. The radium flask is not shown in the diagram but 
is connected by means of a glass tube {1, Fig. 2) to the pumping system 
of the emanation apparatus as shown in Fig. 2. 

Vessel 4 (Fig. 2) is ordinarily kept partly filled with mercury in order 
to prevent the entrance of emanation. If the emanation were allowed 
to stand in this vessel it would cover the walls with the active deposit 
and since the surface of the vessel is quite large, the operator would 
find it necessary to shield himself from the bombardment of the rays. 

The emanation that is formed by the disintegration of the radium is 
not the only gas formed in the solution. The radium rays, continually 
bombarding the water molecules, cause a decomposition of the water 
into its constituents, hydrogen and oxygen. These two gases form by 
far the largest part of all the gases produced. The total volume of all 
the difl'erent gases is many times the volume of the emanation. In order 
to concentrate the emanation into a small volume at a pressure of, e.g., 
20 cm. of mercury, the foreign gases must, for the most part, be removed. 
In order to accomplish this, all the gases in the radium flask are pumn* 
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over into llie jiurififHtidn clLiiiiilx-r tt, 10. iiiid //. Vik- 2, Hfi-p the soilii: 
liydroxitle {U), ami phosphorus piMitoxidi" (//) iiliHorli i-nrliou dinxid^ 
inoistiirp, etc., while the lieated I'ojipcr nxidf spiral 1 10) cuuses the hydroJ 




gen and oxygon to reeombiiie. The purified emanation is then made tfi 
pass Into vessel J3, being finally compressed in the tube at cock 16. 
i then forced out into the capilinry glass tube 18. The distal portfej 
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(1 or more em., e. g.) of this tube containing the ponepiit rated omano- 
tioti is then cut off by a minute gas flame. 

The nu'elianieal details of thf process ai'f as follows: The auxiliary 
vaeiium pump that is attached to vessel 5J is started and stnpeoeks 32 
and 8 are opened in order to create a vacuum in the line 8-2^ above the 
mercury in vessel /, Stopcock 6 is now opened and the niereury in ■/ 
falls to Ihc level in 7. This allows the emanation, hydroffcn, oxvfreri. 
(iznne and water vnpni' to come mil of the radium flask through tube / and 
to fill ■! by diffusion, Ciick 22 is now turned to permit air to enter the 
line S-22 throutih the drying tube 2S containing calcium chloride. This 
forces the mercury up in i, driving the gases ahead of it and past the 




trap .1 into the purification chamber (.'', 10 and 31). Cock 22 is again 
turned to connect the line 8-22 with the auxiliary pnmp and the mercury 
in i again falls, allowing another portion of the aecumuiated gases to fill the 
bulb. The mercury in trap -V prevents the backward passage of ga.ses 
from !), JO, 11 to /. This procedure of filling i with the gases and forc- 
ing them u\i past the trap '.' into the purification chamber is repeated 
until all the gases are pumped over. The completion of the process is 
easily detected by the fact that when there is no gas present, the rising 
mcrenry in i produces a sharp metallic click when it strikes the mercury 
in trap -V. 

Before the pumping process just described is started, the purification 
chamber {/', 10 and II) is tested to insure the existence therein of a good 
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vacuum. If j^ases are found to bo present, tliey are pumped through iff 
and 17 into 26 l)y means of the mercury pump 12, 7.?, li and ij. From 
there they may be exhausted into the room through 24: by the auxiliary 
pump and thenee out of the room by means of a ventilating fan. 

When a high vacuum has l)een established in the purification chamber, 
an electric current is sent through the copper oxide coil 10^ the strength 
of this current being just sufficient to bring the coil to a low dull-red 
heat. When the coil is hot, the purification chamber is ready to receive 
the gases from -/. As they meet the hot coil, the hydrogen and oxygen 
reunite and form water which is immediately absorbed by the phos- 
phorus pentoxide (PaO.) contained in 11. 15y this action most of the 
gas entering the purification chamber is eliminated. If any carbon 
dioxide, chlorine or hydrogen chloride are present, they are absorbed 
by the sodium hydroxide in .9. Thus by the time all the gases are pumped 
out of the radium flask into 9, 10, 11 j consuming, let us say one hour of 
time, there is little left in the purification chamber except helium and 
the radium emanation itself, all other gases having been absorbed. 

The emanation is now ready to be pumped over into the capillary tube 
18. With the line 8-22 at atmospheric pressure, stopcock 20 is opened 
and the mercury is allowed to rise a few centimeters iu the y-shaped tube 
above 19 to prevent communication between 17 and 26. During the 
purification process the bulb 12 is left partly filled with mercury in 
order to prevent its being filled with the gases that are to be purified. 
With a vacuum in the line 8-22, stopcock li is opened, the mercury falls 
in 12 and the emanation, expanding from the purification chamber, fill.s 
this bulb. Stopcock 22 is now turned to connect line 8-22 with atmos- 
pheric pressure. This causes the mercury to rise in 12 and as it nears 
the top of the bulb, stopcock 16 is opened and the emanation is forced 
out into 17 by running the m?rcury about 1 centimeter past 16. Stopcocks 
14 and 16 are then closed. Line 8-22 is again exhausted, stopcock 14 is 
reopened, and the mercury falls out of 12 which is again filled with 
emanation. In this manner practically all of the emanation may be 
pumped over into 17. 

'When the mercury has been raised in 12 for the last time it is allowed 
to pass through 16 and up to 17. The emanation is then forced by means 
of the mercury in 21, by opening stopcock 20, into the capillary tube 18. 
The mercury rises in the capillary and when the desired cbncentration 
is effected, stopcock 20 is closed. The capillary glass tube is about 1 
millimeter in diameter, and can be sealed off very readily by means of a 
small pin-hole gas flame. The part of the capillary tube sealed off con- 
taining all the emanation is then divided by means of the same flame 
into as many pieces as are desired. In this manner, any percentage of 
the total amount of emanation is obtained for use in a small tube, of, 
e.g., 1 centimeter length. These small glass tubes are then inserted into 
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Table V 
Showing the Rise op Gamma Ray Activity due to RaC throxtoh 2 cm. of Lead 
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enameled silver tubes the ends of whieh are blocked with paraflfine. 
They are then set aside for 3^* hours before their activity is measured. 
The next day the same procedure is repeated in order to withdraw and 
concentrate the emanation which has accumulated in the preceding 24 
hours. 

When the emanation is first admitted to the capillary tube its activity, 
measured by the penetrating rays, is zero. As the emanation decays. 
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however, the active products, Radium A, Radium B, and Radium C are 
formed, producing an invisible film on the walls of the tube. The pene- 
trating radiations from these products gradualh" increase until the tube 
reaches its maximum activity. This takes place about 4 hours after the 
emanation has been sealed in the capillary glass tube. The growth of 
the activitv of Radium C with time is shown in Table V. 

About one hour after the maximum value of the gamma radiation 
has been reached, the activity of the tu])e begins to decay with the 
same **time period*' as that of the emanation. In other words, 
16 per cent of the activity is lost every 24 hours. The activity at any 
given time will be reduced to % the value at that time after 3.85 days 
have elapsed. 

Table VII shows the calculated decay of radium emanation tubes from 
day to day. For example: Let us find the number 78 in the single left 
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hand vertical column. A tube havinjj: a strenfi:th of 78 me. decays each 
twenty four hours as follows — 66 mc, 54 mc, 45 mc, i.e., reading horizon- 
tally to the rigrht. By findinjif 45 in the second single vertical column the 
values for the following three days are found to be 38 mc, 31 mc, 26 
rac By finding 26 in the third single vertical column the values of this 
tube for the following three days are found to be 22 mc, 18 nic, 15 mc, 
and so on. 

MEASUREMENT OF THE GAMMA RAY ACTIVITY OF EMANA- 

TION TUBES 

The measurement of the activity of the emanation tubes is made after 
they have reached their approximate maximum strength. The measure- 
ment is most easily and accurately done by means of the gold leaf electro- 
scope. A diagram of this instrument is shown in Fig. 3. 
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Fifif. 3. — DinRram of electroscope. 



A is a plate of lead 1 centimeter thick used to eliminate all of the easily 
absorbable rays. ^ is a metal box containing the gold leaf system. When 
the system is charged through C, e.g., with positive electricity, the gold 
leaf, which in the uncharged condition hangs vertically, is forced out into 
a partially horizontal position being thus brought into the field of the 
microscope, 7). 

In order to measure the quantity of a radioactive substance in a small 
capillary tube, the latter is placed in the Y-shaped holder at E, The 
penetrating gamma rays then pass through the lead plate, A^ into the 
electroscope, ^, and the air in the electroscope is thus made a conductor 
of electricity. This is known as ** ionizing" the air. In other words, the 
radium rays generate small positive and negative *Mons'' or charges of 
electricity in the air. If the gold leaf is charged positively, it will attract 
the negative charges to itself. The negative charges will thus neutralize 
a part of the positive charges of the leaf. The leaf will then tend to come 
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nearer into the iinebarpred or vertical position and will thus move acrass 
the field of the microseope.^ The rate of this motion is a measure of the 
number of **ions" formed per second in the air, and this in turn indicates 
the intensity of gamma or penetrating rays from the emanation tube. 
The larger the amount of emanation in the tube at Ef the faster will be 
the movement of the gold leaf across the scale in the field of the microscope. 
The rate of motion of the leaf is ordinarily timed by means of a stop 
watch. 

In order to facilitate the use of the electroscope in measuring unknown 
quantities of radium emanation, it is necessary to have at hand a stand- 
ardized tube of radium. One then determines the rate of fall of the leaf 
in the electroscope caused by the known or standardized specimen. Men- 
tion mav be made here of the International Radium Standard. This con- 
sists of 21.99 mg. of pure radium chloride containing 16.75 mg. radium 
element, which was prepared my Mme. Curie in 1910 at the request of 
the Brussels Congress of Radiology and Electricity. This was sealed 
in a glass tube and is kept at the International Bureau of Weights and 
Measures at Sevres, France. Other countries have standards as fol- 
lows: Austria, 31.17 mg., England, 21.13 mg., Oermany, 19.73 mg., 
Japan, 9.80 mg., Portugal, 9.09 mg., Sweden, 9.73 mg.. Ignited States, 
20.18 mg. 

The unit in which quantities of emanation are expressed is called the 
curie. This has been defined as the quantity of emanation in equilibrium 
with one gram of radium element. For practical purposes a smaller 
unit, the millicurie, Y-nmo of a curie, is used. The gamma ray activity 
of a millicurie corresponds to the gamma ray activity of one milligram 
of radium element. The microcurie is Yioao of a millicurie and corre- 
sponds to one microgram of radium element. 

The number of milligrams of radium element in the ** standardized" 
tube, divided by the number of millicuries of emanation in the unknown 
tube is equal to the ratio of the number of ions produced per second 
when the ** standard'' and the emanation tube are successively placed at 
E. This last ratio is ecfual to the inverse ratio of the time of fall of the 
gold leaf across the scale of the microscope. Therefore in order to measure 
an unknown quantity oF emanation it is only necessary to obtain the relative 
rates of fall of the gold leaf when the ''standard tube" is used and when the 
*' capillary emanation tube" is used and multiply this ratio by the number 
of milligrams of radium element used as the ''standard." If the activities 
of the standard and the emanation tube are of very different magnitudes, 
the natural leak of the electroscope must be taken into account in calcu- 
lating the activity of the emanation. 

If for any reason the error due to natural leak is not considered great 
enough to affect seriously the result, the following simple formula is used 
as a basis for the calculations involved. 
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' i? reactivity of emanation tube. 
5 = activity of standard. 
a a = time of passage of leaf over any desired number of scale divi- 

' 6 ^^ **^ ® \ sions under action of standard. 

h =z time of passage over same number of scale divisions under action 
of emanation tube. 

Let us suppose, for example, that we have as a ** standard'* a tube con- 
taining 15 milligrrams of radium element (the activity being therefore 
equivalent to that of 15 millicuries), and an unknown emanation tube, 
the activity of which is to be measured. The *' standard *' is placed at any 
convenient distance from the electroscope and the latter is charged, so that 
the leaf diverges. The time of passage of the leaf, e. g. 40 divisions, is 
observed. Let us assume this elapsed time to be 1 minute (a). The 
emanation tube is now substituted for the ** standard'' and a similar ob- 
servation taken. We will assume the time in this case to be 50 seconds 
(h). Substituting in the above formula the values of 5, a and h which are 

fiO 

now known we find ^ = 15y-=7-=18 mc. 

50 

It will be observed that, within certain limits, the distance of the 
''standard" and the emanation tube from the electroscope during the cal- 
culation is immaterial. The number of scale divisions, over which the 
reading is made, is likewise unimportant. But whatever the distance or 
number of scale divisions chosen, observance of the following precautions 
is vital to the securing of dependable results: (1) The standard and the 
emanation tube must, in turn, be placed at exactly the same distance from 
the electroscope. 

(2) While readings are being made on one tube, the other tube should be 
placed 30 or 40 times as far away and preferably behind a heavy lead 
screen. 

(3) The same number of scale divisions over the same region of the 
scale must be used in each reading. If, as has been suggested above, 
the rate of natural leak of the electroscope is sufficiently great to have 
an appreciable effect on the results, allowance for this must be made in 
the calculations. In this case the formula takes the form: 

ah 

a 

c 
E= S 



ah 

b 

c 



Here c is the time taken by the leaf when no tube is present in passing 
over the number of scale divisions chosen for the readings. Let us sup- 
pose, as is the case in our laboratory, that this is of the order of 25 min- 
utes; the formula then becomes: 
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ab GO X •'>0 
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c 2o X 60 
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50-2 

Til is oiTor (.13) (less than 1 pi^r cont) for many purposes is iiep:lig:ible, 
at least in small tubes, and, as a rule, in eases similar to this tlie correction 
would not need to be made. But if the activity of the ** standard" and 
the tube to be measured is not approximately the same, failure to make 
the correction wouhl lead to a considerable error. For example, assuming 
s, a and c to have the same values as before, but assuming b = 10 seconds, 
then 

00 
7? =1^ 1 r> V _ :zr 00 ( 11 ncornvtc'fl ) 
]0 

ah 00 V 10 
~c — 25 X~r)0~"' 

00 - .4 

^ r= 15 X = 9n.l2 

10- .4 

This would lead to an error of considerably over 3 i)er cent if the correction 
were not applied. 

The Preparation of the Active Deposit. — As we have previously stated, 
it is sometimes desired to collect a quantity of active deposit on a sheet 
of metal foil. In order to accomplish this, a piece of lead foil of about 
0.1 mm. thickness is rolled in such a way as to fit snugly into a glass 
tube, closed at one end. This tube, containing the foil, is then sealed 
in a vertical position, to the emanation ap])aratus at 17 instead of tlie 
usual capillary tube. (See Fig. 2). After the air has been pumped out, 
the purified emanation is forced into the tube by means of mercury raised 
to the lead foil. After 3 or 4 hours, when the maximum amount of active 
deposit has been formed and deposited on the foil, the mercury is lowered 
and the emanation allowed to pass into another part of the apparatus to 
be collected in the usual manner. When tiie tube is cut off and the foil 
carefully removed, its activity may be measured by means of a gamma 
ray instrument. As in the case of the emanation, the unit of quantity 
is the millicurie. Tiiis foil mav be used as a uniform source of radiation 
of short duration. 

When a radioactive solution is retjuircd for injection into the blood, 
it may be prepared in the following manner: A small amount of common 
salt (NaCl) is packed into a ^iuiall glass bulb. This bulb is heated in 
a gas flame in order to thoroughly dry the salt, and is then sealed to the 
emanation apparatus at 17 (sec Fig. 2) just as in the preparation of 
active deposit on the lead foil. After the air is j)umped out, the purified 
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emanation is foreod into tho salt, l)y means of mercury raised to the 
small bull). In 3 or 4 hours, when the maximum amount of active deposit 
has formed and collected on the salt j<rains, the mercury is lowered again. 
The emanation is allowed to pass into another part of the apparatus to 
he collected in the usual way. The bulb is then cut off and distilled 
water is forced in M'ith a hypodermic syrin<»:e in sufficient amount to 
make approximately a normal physiological salt solution. The ''active'* 
water is subsequently withdrawn in the syringe. 

As in the former case, the amount of active deposit in the syringe 
is determined by the gamma-ray instrument. The activity of the syringe 
is usually determined before and after the injection of the solution, in 
order to estimate the exact quantity of active deposit administered- 
The quantity administered will be the difference in these 2 values. Proper 
allowance for the decay of the active deposit must be made. 



CHAPTER V 

TllK RADIATIONS VlUm RADIUM AND ITS DECAY PRODUCTS 

Rutherford states that from a theoretical standpoint it is desirable 
to restrict the term ** radioactive" to substances tliat under<ro spontaneous 
atomic transformation. From this point of view, a few substances may 
be said to be radioactive which apparently emit no radiations at all but 
which do transform themselves spontaneously and p:ive rise to new sub- 
stances. From our present standpoint, however, we may fairly define 
a radioactive substance as one that, while undergoing atomic transfor- 
mation, spontaneously and continuously emits peculiar rays. These rays 
are invisible but are known to be present because of certain phenomena 
which they cause. Amonj? the interesting? properties possessed by these 
radioactive rays are their power to ionize a jjas, to affect a photoprrapbic 
plate similarly to the actinic rays of sun lijjfht, to cause certain sub- 
stances to fluoresce in the dark, and, most important of all, from our 
present standpoint, to cause the modification or destruction of vital tis- 
sues exposed to their influence. While radium itself emits the easily 
absorbed alpha rays, its decay products, Ra B and Ra C emit the more 
penetrating: beta and gamma rays. The beta and gamma rays from 
Ra B are less penetrating than those from Ra C. Confined in a tube for 
therapeutic use, the only real function of radium or its next decay 
product, radium emanation, is to produce Radium A, B, and C as fast 
as the latter products disintegrate. 

ALPHA, BETA, AND GAMMA RAYS 

There are tliree difTerent kinds of radiations emitted bv the radio- 
active substances. These are known as alpha, beta, and gamma rays. 
The table previously given (see list of radioactive substances) will suffice 
to make clear the particular ray that each of the products emits. 

It will be heli)ful to describe at this point the properties of the difTerent 
kinds of rays. 

Alpha Rays 

Alpha rays are nuiterial particles having a double i)ositive charge and 
a mass four times that of the hydrogen atom. In fact, they are merely 
positively charged helium atoms shot out from the radium atom, as it 
transmutes, with an initial velocity of 9,000 to 12,000 miles per second. 
They have a very great ionizing power, but are readily absorbed, the 
thinnest layer of metal or a sheet of note paper being sufficient to stop 
them. The ** range'' or greatest distance that an alpha particle from any 

40 
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of the radioactive substances can travel in air, depends upon its initial 
velocity and the temperature and pressure of the air. For an alpha 
particle of radium in air at standard conditions of temperature and 
pressure, tlie ranpre is 3.3 cm. In other words, the alpha rays of radium 
are completely absorbed or stopped by 3.3 cm. of air and beyond this 
distance their characteristic effects cannot be detected. Alpha rays 
are analogous to the canal rays of a Crookes tube, and like them may be 
deflected sli«:htly by a very powerful ma«:netic field. While usually re- 
ferred to as alpha rays, the term alpha particle is perhaps preferable. 

A «:ram of radium in equilibrium with its decay products, Ra Emana- 
tion, Ra A, B, and C, emits enerj^y with its rays at the rate of 136 calories 
per hour. Of this energy 125 calories are borne by the alpha rays, 4.5 
calories by the beta rays and 6.5 calories by the gamma rays. 

Beta Rays 

Beta rays are swiftly moving, negatively charged electrons and are 
identical in type with the negatively charged particles constituting the 
cathode rays of the Crookes tube. They are about 3^1840 the mass of the 
hydrogen atom. Soft, medium and hard beta particles may be dis- 
tinguished according to their velocity and power of penetration. The 
slowest beta particles are comparable to alpha rays in penetrating power 
and are known as soft beta rays. The swiftest beta particles have about 
the velocity of light and have one hundred times the penetrating power 
of alpha rays. These are known as hard beta rays. The velocity of the 
hard beta rays from Ra C is 96 per cent of the velocity of light and it 
is estimated that to give an electron this initial velocity requires a 
difTerence of potential of 2,000,000 volts (approximately a 16 foot spark 
in air). Between the softest and hardest beta rays there is a series of 
so-called medium beta rays, which are intermediate in their power of 
penetration. The beta rays derived from Radium B and Radium C are 
one half absorbed after passing through 55 cm. of air at atmospheric 
pressure and room temperature. The beta rays from Radium C are half 
absorbed by 170 cm. of air. Beta rays may also be deviated in a mag- 
netic field but in an opposite direction to the deviation of the alpha rays 
because the beta ray is the negative electron. Beta rays are also de- 
flected much more than alpha rays because their mass is very much less 
than that of the latter. As we have previously mentioned in the case 
of the ** alpha rays,'' the term *M)eta particle'' is preferable. In defer- 
ence to custom, however, the term **beta ray" is retained. 

Gamma Rays 

These are undulations of the ether, or electro-magnetic waves, and are 
similar to x-rays, except that their wave length is much shorter than 
that of the latter. The velocity of the gamma rays is the same as that 
of light. 
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The production of pamnia rays is dne to the very intense eh^'tronie vibra- 
tions whieli are set up in tlie structure of a radio atom from which a 
lii^h speed beta ray is escaping?. The forced vibrations of the electrons 
^ive rise to very hij?h frecpiency or sliort wave length electro-magnetic 
waves or gamma rays. Thus it is seen that the gamma ray is a secondary 
phenomenon, and the energy of the gamma rays represents energy lost 
by the beta ray as it escapes from the atom which gives it origin. The 
absorption of gamma rays is an electronic property of matter, as contrasted 
with atomic or molecular absorption of longer wave lengths such as ultra 
violet and visible light. When the gamma ray pulse encounters an elec- 
tron in matter which can vibrate in harmony, energy is transferred to 
the electron and it thereby takes up a high velocity and becomes a 
** secondary beta ray.'' This phenomenon of energy transfer from a wave 
to a ])article has a very good analogy wliich is familiar to most of us in 
the sound vibrations which the striking of a certain note on an instru- 
ment will set up in a loose bit of woodwork, etc., in a music room. Here 
the energy borne on air waves is transferred to the particle which can 
vibrate in harmony with the rate of the air waves. In the case of gamma 
rays, so few electrons are encountered that can vibrate in harmony, that 
the gamma ray pulse must pass through enormous numbers of electrons, 
(i.e., great masses of matter) before it loses much energy. This interpre- 
tation explains the ** hardness'' or penetration of the gamma rays. In 
the case of x-rays, which have a much lower rate of vibration, more elec- 
trons are encountered that can vibrate in harmony; therefore the x-ray 
pulse loses its energy more easily, or, as we say, is more easily absorbed 
in matter. 

The terms soft, medium and hard gamma rays are used to indicate differ- 
ent degrees of penetrating power, just as in the case of the beta rays. In 
general, gamma rays are from ten to one hundred times more penetrating 
than beta rays, and consecpiently have a smaller ionizing powei\ The 
gamma rays are half absorbed after passing through one hundred and 
fifteen meters of air. Like the x-rays, the gamma rays cannot be deflected 
by a magnet. 



ClIAPTKR VI 

ABSORPTION AND FILTRATION OF RAYS 

We have already referred to the fact that the radiations are capable 
of penetratingr opaque matter in varying degrees, certain types of rays 
being easily absorbed while other types are stopped with the greatest 
difficulty. In this chapter we shall consider some of the practical ad- 
vantages of filtering or absorbing certain types of rays by means of screens. 

ABSORPTION OF RAYS 

Alpha Rays 

It has already been stated that the alpha rays from radium are very 
easily absorbed. The glass wall of the emanation tube, a sheet of note 
paper, the film of a soap bubble or a layer of moisture on the skin is sufficient 
to stop them. 

Beta Rays 

Hard beta ravs according to Rutherford mav be half absorbed bv 0.1 
mm. and may be completely absorbed by 2 mm. of lead. The absorption 
of the beta rays by various kinds of matter follows closely an exponential 
law. 

For example, if one half of a given quantity of beta rays of a certain 
type is absorbed by 0.2 cm. of aluminum, y^ of the original amount of 
rays will be unabsorbed after passing through 0.4 cm. of aluminum, % 
of the original amount will be unabsorbed after passing through 0.6 
cm., and so on until complete absorption. As we have stated beforCj the 
beta rays are heterogenous and have different penetrating powers. The 
relative absorption of beta rays depends therefore upon the type of rays 
that is chosen for experiment. The hardest or most penetrating beta 
rays are absorbed to the extent of 93.8 per cent by 1 cm. of epithelial 
tissue. Their intensity after passing through 1 cm. of epithelial tissue, 
is, therefore, only 6.2 per cent of that exhibited at the surface of the 
skin. This estimation does not take into account the diminution of in- 
tensity due to divergence of the rays with distance from the source. The 
intensitv of the beta radiations from radium C is reduced to V» the 

•. » f mm 

initial intensity after passing through 17 meters of air, at ordinary room 
temperature and atmospheric pressure. 

Gamma Rays 

The hard gamma ravs from radium C are half absorbed bv 14 mm. of 
lead. Just as in the case of the beta rays, the gamma rays from radium 
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are absorbed approximately in accordance with an exponential law. This 
law is followed, however, only in the event of the rays being allowed to 
pass first throu«:h a few millimeters of lead, the softer gramma rays 
being thus absorbed. 

According to the measurements of Oiraud, which have been mentioned 
previously 20.4 cm. of water will absorb Y2 ^^ ^^^^' gamma rays from radium. 
For theoretical purposes, water may be considered as the equivalent of 
soft tissues in absorbing power. 

Gudzent states that 4 per cent of the successively remaining gamma rays 
are absorbed bv each centimeter of tissue traversed. 

According to Rutherford 26.5 cm. of soft tissue would be required for 
the half absorption of the hardest gamma rays from radium. 

These estimations may be compared with the penetrating power of 
x-rays which are half absorbed, according to Colwell and Russ, by 4.9 
cm. of soft tissues. As to the diminution of their intensity w4th dis- 
tance, hard gamma rays are reduced to one half their initial intensity 
after passing through 115 meters of air at ordinary conditions of room 
temperature and atmospheric pressure. 

Secondary Radiations 

All three types of rays — alpha, beta and gamma — produce secondary 
radiations when they impinge upon matter. We may briefly consider 
the secondary radiations produced by each of the three types of rays. 

(a) The secondary rays produced by the alpha rays are slow beta 
particles and are .sometimes called ** delta rays." The secondary rays 
due to alpha rays are naturally without practical importance from the 
therapeutic standpoint, (b) Just as the cathode rays, striking the target 
of the x-ray tube, set up x-rays, so the primary beta rays from radium 
when they strike matter set up a type of gamma radiation. The intensity 
and penetrating powder of these secondary gamma rays increase greatly 
as the atomic weight of the substance impinged upon increases, since 
these gamma rays correspond to the characteristic x-rays for the par- 
ticular element, and the higher the atomic weight of the element, the 
more penetrating are the characteristic x-rays. The quantity of secondary 
gamma rays that are produced depends upon the amount of beta radia- 
tion that is absorbed and the thickness of the material that is radiated. 
Cc) When the primary gamma rays From radium strike matter, a part of 
the original beam is scattered in all directions although the quality of the 
beam is not altered. Just as in the case of the ])rimary beta rays second- 
ary radiations are also set up by the primary gamma rays. These con- 
sist of secondary gamma rays and secondary rays of the beta ray type. 
Our knowledge of the secondary gamma rays is very imperfect. The 
secondary beta lays have a penetrating power that is nearly equivalent 
to that of the primary beta rays. When heavy elements such as lead 
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are impinged upon by gamma rays the secondary beta radiation is some- 
what more penetrating than when lighter elements such as brass or 
aluminum are radiated. 

FILTRATION OF RAYS 

The principle of filtration and the use of screens in the treatment of 
diseased tissue may be referred to at this point. Wickham, Degrais and 
Dominici were apparently the first to use and advocate the employment 
of rays obtained by filtration. By interposing between the radioactive 
substance and the tissue to be treated, various metallic and nonmetallic 
materials, the less penetrating rays may be absorbed, i.e., removed by 
filtration. Substances used for absorbing radiations are known as screens 
or filters. In the treatment, for example, of a tumor below the surface 
of the skin, we may absorb by means of screens the undesirable types of 
rays before they reach the skin, allowing only the more penetrating rays 
to pass through the screen and affect the tissues* The skin, being thus 
relieved of the absorption of the less penetrating rays, will receive a 
minimum amount of injury, while the deeper layers of tissue under 
proper conditions, may receive nearly as much radiation as the superficial 
layers. 

If we wish to absorb the alpha rays we may theoretically place between 
the radium and the skin a screen of Vioo millimeter of aluminum or a 
sheet of writing paper. In reality, however, the alpha rays do not pene- 
trate the walls of the glass tube or other apparatus in which the radium 
is confined. 

If we wish to intercept most of the beta rays we may interpose between 
the radium and the tissues a screen of 1 millimeter of lead. This filters 
out more than 99 per cent of the beta rays. One may thus use nearly 
pure gamma rays, which will not be absorbed but will pass through the 
screen. When massive doses of deeply penetrating rays are used, it is 
desirable to absorb in addition part of the softer gamma rays. Brass 
screens 2 mm. thick may then be used. It is quite evident that a whole 
series of metallic screens of different thicknesses and densities may be 
used in order to absorb or filter out varying portions of the beta and 
gamma rays and that the results of treatment will vary accordingly. 

Screens 

The screens used for all types of therapeutic applicators may be de- 
scribed here. Screens are ordinarily made of silver, gold, platinum, 
brass, lead or aluminum. For external applications, brass or silver 
screens answer almost every purpose. It is believed that the secondary 
radiations from brass are not so irritating as those from denser metals. 
It is best to use rather simple and uniform screening until familiarity is 
obtained with the effects of radium on the tissues. 
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When treating the interior of the various natural cavities of the body, 
such as the uterus. esopliaj?us, etc., prold or platinum screens have a cer- 
tain advantage as their great density permits the use of a much thinner 
screen than if brass or silver were used. In such case the desirable 
effect of distance in reducing the intensity of the rays is sacrificed. This 
may be compensated at times by the use of thicker nonraetallic cover- 
ings such as rubber of 2 or 3 mm. thickness. While theoretically screens 
of almost any material or thickness may be employed, it is often advisable 
in actual practice to employ a few different thicknesses of the same 
metal in order to simplify the technic. Silver screens having a thickness 
of 0.1 mm., 0.5 mm., 1 mm., and 2 mm. are probably the most generally 
useful in the routine application of radium. Screens of these thicknesses 
will absorb approximately 50 per cent, 96 per cent, 99 per cent, and 100 
per cent of the beta rays. The skilled technician may use a greater 
variety of screens. In addition to those already mentioned the follow- 
ing screens are useful. 

Lead Vio» '/"in. 1, and 2 mm. thick. 

Platinum y^o and %() mm. thick. 

Aluminum Vioo* Vuuh Mo "in^- thick. 

Brass •I'io, 1, 2, 2.5 mm. thick. 

For practical purposes it is sufficiently accurate to say that the ab- 
sorbing power of a metal for a given type of beta or gamma ray in- 
creases in proportion to its density. 

Table VIII will suffice to indicate the relative density and con.seqiient 
ray-absorbing power of various materials, some of which are used as 
screens. 

From a consideration of this table it is an easy matter to calculate 
the thickness of different materials which would be required to absorb 

Table VIII 

KAY ABSORBING DENSITY THICKNESS REQiriRED TITICKNESS REQUIItED TO 

SUBSTANCE: (APPROXIMATE) TO ABSORB 50% OP ABSORB 99.9% OF THE 

THE HARD BETA RAYS HARD BETA RATS 

Gum rubber 1.0 1.00 mm. 8.50 mm. 

Water 1.0 1.00 ** 8.50 ** 

Soft tissues 1.0 1.00 '* 8.50 " 

Bone 1.7 2.0 0.00 *' 5.00 " 

Common glass 2.0 0.40 '' 3.30 " 

Aluminum 2.7 0.40 " 8.20 ** 

Steel 7.7 0.14 ** 1.15 '* 

Brass «..') 0.13 '* 1.10 " 

Nickel 8.7 0.13 '' 1.10 <* 

Silver 10.0 0.10 *' 0.80 '* 

Lead 11.3 0.10 ** 0.80 " 

Gold 10.3 0.00 ' 0.50 " 

Platinum 21.5 0.05 " 0.40 " 
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a g:iven amount of the hard beta rays. Let us suppose, e.j^., that we 
wish to use a series of brass screens which would equal Y^o mm., Y^q mm., 
1 mm., and 2 mm., of silver. A simple calculation of the relative density 
of the metals shows that brass screens equivalent to silver screens of 

the above thicknesses, must be ^ of ^/^o mm., %q mm., 1 mm., and 2 

mm.: i.e., approximately % mm., % mm., 1.25 mm., and 2.5 mm. thick. 
Similar calculations may be made for other materials in the table. 

It has been found that different thicknesses of silver will absorb the 
proportions of the hard beta rays indicated in Table TX. 

Table IX 



THICKNESS OF 


PER 


CENT 


' OF IIAKI) 


PER 


CEXT or HARD 




SILVER SCREEN 


BETA RAYS ABSOKBED 


BETA RAYS LEFT 




0.1 


irtiii. 






50. 




50. 




0.2 








75. 




25. 




0..3 








87.50 




12.50 




0.4 








93.75 




6.25 




0.5 








96.88 




3.12 




O.G 








98.44 




1.56 




0.7 








09.22 




0.78 




0.8 








99.61 




0.39 




0.9 








99.81 




0.19 




1.0 








99.91 




0.09 





Upon examining the table it may be seen that the percentage of 
absorption by a given thickness of the metal follows an exponential 
law; i.e., if 50 per cent of the hard beta rays remain unabsorbed after 
passing through 0.1 mm. of silver, Y^ of the original amount will remain 
unabsorbed after passing through 0.2 mm., Ys o^ the original amount 
will remain unabsorbed after passing through 0.3 mm., and so on until 
its complete absorption. 

Depending upon the apparatus with which they are to be used and 
the lesions that are to be treated, screens of diflferent shapes and sizes 
may be required. For the glazed plaques, pieces of metal of the material 
and thickness desired may be cut to fit the face of the apparatus. The 
metal screens may be round or square or of any other shape desired. 
While they may be made extemporaneously, it is much more convenient 
to use screens that have been previously fitted to suit each apparatus. 

For the tubes containing radium or radium emanation, a set of cylin- 
drical metal screens of diflferent patterns is also essential. It is con- 
venient to have certain screens made in such a way that part of the wall 
is cut out to form a window (** window screen**). One may thus treat 
a certain part of a lesion opposite the window with a greater volume of 
rays than the other parts. 
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Secondary Radiations 

In the practical use of screens or filters we meet with diflfieiilties on 
account of the secondary radiations (Kays of Sa^nac) that are formed 
in these screens. As these secondary radiations are less penetrating than 
the primary radiations that produce them they always tend to defeat 
tlie object of the screen. While the secondary radiations may not seriously 
affect the skin sui-face, it is customary, as we have said before, to inter- 
pose between the metallic screen and the skin, one or more millimeters 
of nonmetallic substance, such as gauze, rubber, filter paper, or wood, 
in order to absorb them. Filter paper is excellent and, beinj? composed 
of pure cellulose of low density, does not appreciably absorb the gamma 
rays. Cork or soft wood is commonly used by the writer because of its 
greater convenience. According to Hay ward Pinch, a layer of aluminum 
0.2 mm. in thickness completely absorbs these secondary *'rays of Sagnae." 



CHAPTER VII 

THE ABSORPTION OF GAMMA RAYS IX WATER 

In this chapter we shall ^ive the results of some of our experimental 
work, on the absorption of ^amma rays. 

In these experiments, which were undertaken primarily to determine, 
if possible, the absorption of gramma rays in tissues, it was, of course, 
impossible to place the ionization chamber used iu determining the in- 
tensity of the radiations beneath the skin itself. 

Water was therefore used in our experiments as being the most suit- 
able medium, inasmuch as it is similar in absorbing properties to the 
tissues. This medium was previously employed by Kroenig and Friedrich 
for determining the absorption of x-rays. 

The main problem that we undertook to solve was whether the scat- 
tering of the gamma rays causes any change in the intensity of the rays 
at various depths below the surface of the skin and if so what the 
change is. 

So far as the physical side of the problem of absorption and scattering 
of radiations is concerned, almost all the previous work mentioned in 
the literature has been done by simply interposing thin sheets of absorb- 
ing material between the source of radiaticm and the electroscope. In 
some cases an ionization chamber was used. Of such nature, for example, 
was the work of Hewlett, who discusses the mass absorption and mass 
scattering coefficients of radiations of wave length .13 to 1.05 A° in 
various substances including water. Tie found the mass absorption co- 
efficient by finding the ratio of the filtered to the unfiltered beam. The 
results indicated excess scattering for the shorter wave lengths. 

Kovarik treats of the effect of different types of ionization chambers. 
lie used an amplification of the current with a three electrode tube. 

Christen treats the problem of measuring *' intensity'' and *'dose" 
from a theoretic standpoint. Kroenig says that the capacity can be made 
low by using a very fine center electrode, but if this is done, the satura- 
tion voltage is high. 

Kroenig and Friedrich, in their work **Physikalische und Biologische 
Orundlagen der Strahlen-therapie," deal extensively with x-ray measure- 
ments of this nature. We may, therefore, give some of the details of 
their experiments. In his experiments with x-rays Friedrich used an 
apparatus of practically the same form as the first tyi)e of chamber which 
we employed ; the only difference consisted in the fact that in his appa- 
ratus the connecting tubes were much larger and were insulated with rubbt»r. 
The method that he employed has the great advantage of being llexible 
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but tlie insulation probably could not have been as satisfactory as in our 
apparatus. The size of the cable ^ives it a smaller capacity, but may 
render the scattering different. 

Friedrich used a Wulf string electrometer, which has a very small 
capacity but is very insensitive. In fact, he found it impossible even to 
calibrate his apparatus with seventy milligrams of radium, because the 
other errors due to leaks were so large. He was forced to use a gram of 
radium and even under these circumstances did not take data under 
water. 

For almost all of his measurements of gamma rays Friedrich used 
only an electroscope, not an ionization chamber. ITis apparatus was 
placed on a wooden tablfe in the middle of a room in order to avoid 
** scattering.'' 

Friedrich also had trouble with polarization of the dielectric; i.e., 




- £• 



Fijf. 4. — DiaKrain showing electrical connections for null method of using ionization chamber. 
/:/. electrometer or elect rosco])v: R, rheostat; !C, ionization chamlier; E, earth; C, con<lenser; 
ti, B\ batteries. 

charges crept out of it as one first used it; this had also been observed 
with our own apparatus which we shall describe below. 

Friedrich constructed an ionization chamber of aluminum having found 
that this material was the one of the lowest atomic weight that was best 
suited for his purpose. He also constructed a chamber made of horn coated 
with graphite. He used carbon for the electrodes. Friedrich calibrated 
his aluminum chamber with the horn chamber for comi)arison of different 
hardnesses of x-ravs. 

Makower and Geiger (^'Practical Measurements in Radioactivity'') 
give a null method of using an ionization chamber. This method consists 
in balancing the current to be measured (in the ionization chamber) 
with the charge induced on a condenser, arranged in the manner shown, 
by varying the voltage applied to the other plate of the latter. (Fig. 
4.) The principle of the apparatus consists in keeping the gold leaf 
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or mirror as nearly stationary as possible by movinpr the variable con- 
tact on the rheostat, and in measuring the time necessary for a given 
amount of motion of the latter. 

There appeared to us to be but two methods open for experimentation 
if we were to be successful in measuring the gamma ray intensity of 
radium beneath the surface of water. By one method it was possible for 
us to put the electroscope itself under the water; by the other method 
we could use an auxiliary chamber which could be connected in some 
manner with the electroscope. The first method involves making a 
water-tight electroscope with an insulated and leak-proof connection to 
the outside for charging. It also requires that observations be made 
through the water with the consecpient necessity of bringing the observing 
telescope and support near to the point at which the intensity is to be meas- 
ured. The latter point seems important although the scattered radiation 
must follow the inverse square law; hence the amount of radiation reach- 
ing the electroscope would be approximately proportional to the inverse 
fourth power of the distance from the source under the conditions assumed. 

The second method consists in placing an ionization chamber at the 




Fig. 5. — Diagrain of first type of ionization chamber, al, aluminum; s-s, sul|)hur; ic, inner electrode; 

g.t., Kunnl tube. 

point at which the intensity is to be measured. The chamber may then 
be connected with an electroscope which is thus in an easily accessible 
position. 

The second method was chosen as being most suitable for our purpose. 

A water-tight ionization chamber, o cm. long, 1.56 cm. in interior 
diameter, with walls .8 mm. thick was constructed of aluminum (Fig. 
5). The inner electrode was made of Xo. 22 aluminum wire, insulated 
from the chamber walls and guard tube with sulphur. The guard tube 
running from the chamber had an interior diameter of 6 mm. and was 
filled with sulphur. The other end of the chamber was closed with an 
aluminum plate. The length of the wire electrode inside the chamber 
was about 2.5 cm. 

In addition, a water-tight box 55 cm. square and 35 cm. high was con- 
structed (Fig 6). The ionization chamber was placed in the center of 
the box and about 15 cm. from the bottom, with the guard tube extending 
out through one side. 

A wooden support for the radium applicator, that was capable of 
movement, was constructed so that the shelf for holding the radium to 
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be used could either be broup:bt down to touch the ionization chamber 
or could be raised to a heijrht of 25 cm. above it. The shelf could also 
be moved 25 cm. to the side in either direction. We thus obtained for 
the shelf a freedom of vertical motion amounting to 25 cm.; of sidewise 
motion 50 cm. in two directions. Later a strinjr was found sufficient 
for chanjring the position of tlie radium and was therefore used to sus- 
pend the a])paratus at different heio;hts. 

The level of the water and also the hei<?ht of the radium applicator 
above the surface of the water could thus be varied. The ionization 
chamber itself was fixed. 

The ionization chamber was first tested. A wire about four meters 
lon«^ covered with cotton insulation ran from the inner electrode, (con- 
necting with the wire passing through the guard tube) to an ordinary 
gold leaf electroscope. With this arrangcnuMit the speed of leak was 
found to be extremely large and also variable. One seventh of a milli- 
gram of radium was sufficient to produce a considerable change in the 
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b'ak, but, of course, the actual cinrciit in the chamber i1s(»ll* was entirely 
too small to be measured. 

The use of sul[)hur suj)p()r1s which were encased in glass for the wire, 
did not matei'iallv lesscMi the size and variabilitv of the leak. The wire 
was therefore (Micased in aluminiun tubing filled with sulphur. 

The first microscope uscmI was o\' low magnification; hence the read- 
ings coi'respond to a large change in voltage. 

It was found that the electroscope could be placed much closer to the 
radium than had been expected without introducing a lenk due to the 
ionization in the <*lectrosco))e comparable with tin* other leaks in the 
apparatus. A switch was introduced to separate the ionization chamber 
and the tube from the remaining i)arts of the conductor. 

The switch that we used consisted of a very small glass cnp inbedded 
in sulphur and filled with mercury, into which the wires dipped. 
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First Observations of Intensities With First Tjrpe of Ionization Chamber 

Readings were taken with a very hig:h potential on the leaf. The 
speeds of fall with the switch closed compared to those with the switch 
open varied almost inversely as the capacities of the two systems, thus 
showing that the readinj^* was almost all leak and that there was little 
if any true current. 

Readings were extremely irregular. It made a great difference how 
high the leaf was charged to start with; the leaf had to be kept charged 
for some time before taking readings; movements of the air affected 
results, etc. 

The leak was minimized by using various devices until finally it was 
of the order of ^vl' minutes under very favorable conditions. Complete 
confidence could not be placed in the results of the readings, however. 
A voltage of about 430 volts, of which the scale corresponded to 25 or 
30, was then used. The natural leak with radium present was still greater 
than the effect to be measured. 

To get rid of this leak, an entirely different ionization chamber (Fig. 
7) that could be used with a Wilson tilted electroscope was finally de- 




V'H(. 7. — Diagram of second type of ionization chamber. .S', sulphur; AL, aluminum; A, amber. 

vised. The inner chamber was made with approximately the same ex- 
ternal dimensions as the previous chamber but heavy aluminum 3 mm. 
thick was used in its construction. The whole space between the inner 
and outer cylinders w^as filled with sulphur, except for the end at which 
the innermost electrode entered; this end was fitted with an amber 
washer. The guard tubes extending from each end were filled with sul- 
phur as in the first type of chamber. 

The advantages of this second type of chamber are evident. In the 
first place, the walls of the interior chamber can be charged to a high 
potential and the rise of the potential of the inner electrode from the 
ground potential up can be obtained. lender these circumstances, the 
only leak that can possibly occur in this part of the apparatus is from the 
inner electrode and the connecting wires to the ground. There can be 
no leak over the sulphur from high potential to the inner electrode be- 
cause that is prevented by the guard ring. The current that may flow 
from high potential to the ground does not affect the electroscope. The 
only other leak possible is in the electroscope itself from the high poten- 
tial to the leaf. The high potential difference is thus effective in producing 
the desired current, but only the low difference is effective in producing 
leaks. 

This second type of chamber is also particularly suited for work with 
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the AVilson filted (■lcffn>s(;()pp, since tlii; latter iiipusiirps the rise in 
potential aixive that <if the trnmnd. The Wilson type «f electroscope has 
the advantafTf of great sensitiveness; iiideetl the sensitiveness is very 
great if the electroseojH' is properly adjusted. Instead of the thirty or 
forty volt chantrc in potential nsed Mith the ordinary electroscope, a 
voltage change of three or foni- volts or less ean be nsed. Fnrthermore 
it has a low eapaeityi and tiic volume of pas contained is small. 

Second Series of Observations with First Type of Ionization Chamber 

An alteni])! was nfjw made with the old clianiher to apply the method 

which we proposed to use with the new chamher; i.e., the outer case 
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of the chambtT was kept at high poteiitinl and the rise of the potential 
of the inner olecti-odcs and leaf was noted. Unfortunately the results 
were not entirely trustworthy. The difReulty with the application lay 
in the fact that the puard tuhe for a distance of about twenty centi- 
meters ivas necessarily at hijrh potential, (;ivin» considerable opportunity 
for leaks aernss the end. However, the following results are at least 
qualitative as they indicate the manner in which the field in air, and at 
different distances helow the surface o£ the water, varies. 

Fig. 8 indicates that the intensity below the .surface of the water no- 
where approaches that at the surface, but decreases quite rapidly as 
one goes down. This is obviously to be expected, merely from the opera- 
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tioii of the inverse sinmre liiw iilime. Tlip eiirvc is taken with the base 
of the applicator directly ovi-r the spot at which the field was measured, 
and at a constant (listnncc of three centimeters from the surface of the 
water. It drives the intensity at various depths below the surface of the 
water. 

Pig. 9 indicates that similar results were obtained when the base of the 
applicator was six centimeters above the surface of the water. The inten- 
sity at the surface was of course less to start with, and the decrease 
was more ^ra<lual due to the action of thp inverse fHiuare law. This is 
evident from the fact that wifh a point source the intensity changes 
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fonrfolil ill (i;iiiii{i from five to fen eeiitinieters; one must go, however, 
ii distaiiee of twenty centimetei-s before the intensity changes apain 
fourfold; i.e., a movpniciit of five centimeters in the first and ten centi- 
meters in the second case is neees.sary. Furthermore the actual change 
(not the ratio) is much less in the latter ease. 

The next series of curves shows the change in the field at a given dis- 
tance below the surface of the water as we go laterally from a point 
directly below the center of the radium applicator. The first of these 
curves (Fig. 10) shows the field at a depth of five centimeters. The 
decrease here, as one goes out from the axis is rather abrupt, as we 





W 


M 


M 


p 




w 




P 


m 


fS{ 


ffi 


E^ 


^ 


te^ 


% 


11 :■ 




— 


— 


— 








— 


— 


— 










\ 






— 





'-L 










-^ 


— 








:: 


\ 


tr 




— ' 


— - 


— 








' — ' 


— 


— ' 










1 


, 




— " 


__ 


— ' 






















~ 


K- 






























1 


f'.. 




— 


\^- 






— 




— 


— 


— 










4 














x' 


— _ 






~~ 


~ 










i 






— 


^ 


#■ 




^ 




^- 


— 


— ■ 










j 






- 


1 


E 










^ 


__ 


"'• 


1. 










__ 


__ 


__ 


. 


























i 


i 




^_^ 


__ 


L 








— 


— 


— - 


— 


— 






i 






" 


— 


T— 


— 






— 


— 


— 


— 


— 







-f- 


m. 


iW. 


WL 


Si 


tisr 


■\ Ii 


7n a 


vh 


i, 1 


r<» 




i 


tn 






-t 



r>8 



KADlt'M THtJlAl-Y 



sliouia cxpoft, since 13- .Ti-^VM, V.i- \ 10- = 2ra, i.e., a factor of 1.33 
is pro-seiit from the operation of the inverse square law in the change 
from five to ten centimeters. 

Fifj;. 11 shows the field at a depth of 10 em. The decrease is more 
gradual. Ift'[5= = :t49, 18- i 10== 424. The ratio between these two 
numbers nives a factor of 1.22. (These taetors are not actually the 
numbers by which the intensities at T) em. and 10 em. distance from the 
axis should differ, since the radium was not at a point, and there is 
absorption and scattering). 

Fig. 12 shows the field at a depth of 15 em. The deerea.se is here more 
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gnidiial still. We HikI that 2:J= + rr = 554. 2:i= r 10= = G2'J. Tlic ratio 
between these two iiiiiuhi'rs (rives a faetor of 1.13. The distance changes 
relatively (and also actually) less as we go out, perpendicularly to the 
axis, than when the distance along the axis is small. 

Fig. 13 represents the field on the surface. The difference between 
this curve and the curve in Fig. 12 is extremely marked. The faetor 
here would he 1.84. (8- + 5' = 89, 8= + 10==164.) 

The foregoing series of enrves {Figs. 10 to 13) was taken with the base 
of the radium applicator 1 em. from the surface of the water; i.e., the 
radium tubes were a little over 8 em. from the surface of the water. 
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Tlie curve in Fin;, l-^ is taken under the same coiiditi<ins as the pre- 
vioiis curve, but is plotted to a different scale lioriKontally and vertically 
from the other curves. The distances are taken diagonally from the axis 
of the applicator. 
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First Observations of Intensities with the Second Tjrpe of lonisation 
Chambers 

We may now disfuss llic series of pni'ves taken with the second type 
of ionization eliainlier. One of thi-se eurves was taken as a calibration 
curve for the eliainher, Tlie leak across from the inner electrode to 
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the (Trountl was not small t'lioiigh to mako cimiiitioTis favorahlo; it 
chaiipred markedly the values olitaiiieil from the reeiproeals of the times. 
A theoretie dediietinn of the corre<'tion to be applied is as follows: 
Let c be the eiirrcnt due to tlie ionization chamber, i.e., that which is to 
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be measured: c'X that due to the leak fnnu the iuiior elednHio to the 
ground; V being the voltafre to wliieh the leaf has become eliarged; t" 
(V'-V) that from high potential to leaf, V beinfr the high potential. 
Then, ncglwting a t-onstant capacity factor, 
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Table X 

Intensities at Various Distances along the Line Perpendicular to the Center 
OF a Gx6 cm. Plaque, with 9 Tubes Containing 100 mc. in all 



distances intensities (theoretic values) 

IN cm. at different points on the axis 

8:5 L29 

9.5 1.05 

10.5 .866 

11.5 .727 

12.5 .619 

13.5 .533 

14.5 .464 

15.5 .407 

16.5 .360 

17.5 .321 

18.5 .288 

19.5 .259 

20.5 ,235 

21.5 .214 



Table XI 

Intensities at Various Distances from the Line Perpendicular to the Center 

OF A 6x6 CM. Plaque, with 9 Tubes Containing 100 mc. in all 
All Values Are Taken at a Distance of 8.5 cm. from the Plane of the Tubes 



distances theoretic experimental values 

in cm. values (corrected by calibration curve) 






1.29 


1.28 


1 


1.28 


1.28 


2 


1.23 


1.21 


3 


1.17 


1.10 


4 


1.09 


1.04 


5 


1.00 


.93 


6 


.91 


.85 


7 


.82 


.77 


8 


.73 


.67 


9 


.65 


.63 


10 


.58 


.56 


11 


.52 


.50 


12 


.47 


.46 


13 


.42 


.43 


14 


.38 


.40 


15 


.34 


.35 


16 


.31 


.32 



The other eiirves wore then eorreeted by means of the ealibration curve 
and for air were found to a^^ree very well with the theoretic values. 

In Fij?. 15, Curves I and II were taken in air. They show the funda- 
mental characteristics of sueh curves. Curve I is taken at a constant dis- 
tance from the plane of the tubes and at different distances from the axis. 
It shows zero slope to start with, gradually inereasino^ gradation, then a 
point of inflection, and a jrradual decrease in slope. 
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Curve n is taken along tlio axis; the slopp is at first large and gradually 
tleereast^. 

All curves in air can lie regarded as cnnibinatioiis of these two types. 

Fig, 16 is till' nriffiiial eiirve for Fig. Ifi 11. If was by correcting Fig, 
16 to tlie latter that tiio ealibratinn was obtained. 

Second Series of Observatioiu with the Second Type of Ionization 

Chamher 
The apparatus was now set np a second time. Data were taken which 
resulted in Fig. 17 for the field in water. The calibration curve obtained 
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in air was almost identical with that obtained previously; it is practieally 
linear, / = 140 -}-.253 fitting the calibration curve with a maximum error 

i 
of a few per cent. 

Data were taken later for depths down to ten centimeters. The applicator 
used was 10 cm. square and 10.7 cm. hio:h. The base of the applicator was 
kept at a distance of 3 cm. from the surface of the water, and hence the plane 
of the tubes in every case was 14 cm. above the surface of the water. 

The first column in Table XII jrives the distance of the point at which 
the intensity was measured from the plane of the tubes ; the second its dis- 
tance below the surface of the water. The third column "fives the observed 
value of the intensity. The fourth, the value calculated without allowing? 
for any absorption by the water, i.e., the value which it would have had if 
there had been no water present. The fifth column is the per cent differ- 
ence between the value observed and the value calculated on the basis of 
no absorption. The sixth and ei«:hth columns assume absorption coefficients 
of .033 and .05 for the water respectively, while the seventh and ninth 
columns give the percentage differences between the values calculated on 
these assumptions and the values observed. 











T.\BLE XII 










DIS- 


DIS- 


OB- 


CALCULATED 




CALCULATED 




TANCE 


TANCE 


SERV- 


VALUES. 










FROM 
PLANE 


BELOW 


ED 










. 




SUR- 


VAL- 


AIR. 


% DlF- M— .033 


7r DIFF. 


fi — .05. 


% DIFF. 


OP 


FACE 


UES. 


NO AB- 


FERENCE 




OBS 'D. 




OBS 'D. 


TUBES. 


OF 
WATER. 




SORP- 
TION. 


BETWEEN 
OBSERV- 
ED AND 
CALCU- 
LATED. 




CAL 'CD. 




CAL *CD. 


13.50cni. 


.05cm. 


.570 


.506 


13 


.506 


13 


.506 


13 


15.55eni. 


2. cm. 


.408 


.388 




.36;*, 


12 


.351 


16 


16.85cm. 


3.3 cm. 


.325 


.334 


-3 


.299 


9 


.285 


14 


18.35cm. 


4.8 cm. 


.257 


.284 


-10 


.242 




.223 


15 


20.n0em. 


6.75cm. 


.217 


.234 


-8 


.187 


16 


.167 


30 


20.65cm. 


7.1 cm. 


.210 


.226 


-7 


.178 


18 


.158 


33 


21.75om. 


8.2 cm. 


.198 


.204 


-3 


.155 


28 


.135 


47 


2.3.15cm. 


9.6 cm. 


.181 


.181 





.131 


38 


.112 


62 


23.95cm. 


10.4 cm. 


.165 


.170 


-3 


.120 


38 


.101 
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Hence the same general conclusion was reached in the second series of 
observations as in the first ; viz., that the intensity below the surface of the 
water was practically the same as though no water were present. This 
conclusion was now found, however, to remain true down to a depth of ten 
centimeters. In other words, the increase due to the scattering, under 
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the conditions used, almost exactly neutralizes the decrease due to the 
absorption. 

As regards the diflference between the observed values and those cal- 
culated on the basis of /* = .033, the percentage of diflference varies from 
approximately 10 per cent from the skin surface down to a depth of 5 cm. 
up to 38 per cent at a depth of 10 cm. 

Using an absorption coefficient of .05, the variation is from about 15 
per cent to about 70 per cent. 

Final Series of Observations with the Second Type of Ionization Cham1>er 

Other readings taken witli various types of radium applicators and 
difTerent amounts of radium arranged in various ways appeared to give 
the same result w^ith the type of chamber used ; viz., there was seemingly 
little change in the gamma ray intensity due to tlie presence of water. 
There was possibly a change of about ten per cent in a few readings down 
to a depth of ten centimeters. Below 10 cm. a slight decrease below the 
value that would have been obtained in air was noted. 

Fig. 18 shows the relatively insignificant eflPect of the presence of a layer 
of water 3 cm. thick as compared with a change of 3 cm. in the distance of 
the radium from the point at which the intensity w^as measured. All the 
curves give the variations in the field as one passes (parallel to the plane 
of the tubes) laterally from the axis of the applicator. 

Curve I (Fig. 18) is taken with the base of the applicator 2 cm. above 
the water and 5 cm. from the ionization chamber, i.e., with the ionization 
chamber 3 cm. deep in the w^atcr. The water was then lowered 3 cm. keep- 
ing the radium in the siimc place (i.e., base of ap])licator 5 cm. from water 
and ionization chamber, latter being on surface of water). Curve II (Fig. 
18) was then taken. Tlic total effect due to three cm. of water (w^ith no 
change in distance* of radium) between the radium and the object radiated 
would thus appear to be small. 

The applicator was then lowered 3 cm. (i.e., base 2 cm. above water and 
ionization chamber). Curve 111 Fig. IS was tlien tak(»n. This curve show^s 
the relatively large cfTect due to this change in distance. 

Curves I and II thus refer to the same distfuice of chjiTnl)er from radium, 
and dit!er oiilv in the amount of water between the two. Curvev; 1 and HI, 
on tlie eonfi'ai'v, refer to the snine distance of snrfiice of \v;jt<M' from I'lulinm. 
and (lilfer only in the depth ;it which th«' chiinihrr* wji.s phicrd. 

That tlie ditfermee in tin* rjit«' of variation of \\\r lirM dcpnids niiirk<'dly 
on the distiinee of tlir I'jidinni is shnwn v«'r'\ wrll 1>\- ('urvcs II jind III. 
The I'jjte of ehan<:e, is, f<»r ;i point sunr'ei-, ;is one l.'jivcs the ;i\is. inversely 
proportional to the s(pnire of the di^taiKM' fr-oin the radinni nionti' the axis, 
whih' the relative ehanire varirs inversely jis the distance. 

<)ir tryinir to apply the nnll method mentioned hy .Mnkowi-i' ;iiid (ici^cr 
(j)revionsly referred to: jt was fonml that with th«* condciisri- ;it hand the 
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leak over the surface of the iiisuljitioii (which was of ebonite) was very 
great compared to the current to be nieasnrcd. As a result we gave up 
for the time being at least, what seemed to he a promising method of get- 
ting rid of every leak except that in the electroscope. With a proper con- 
denser the method should be as good as any yet worked out. 
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Other possible improvements in the tcchnic of the experiments may be 
mentioned. The electroscope could be evacuated, or shielded with a lead 
screen. The capacity of the whole system could be decreased by using 
larger connecting tubes or finer wires; by joining successive wires di- 



08 RADITM TIIKUAI'Y 

rectly and poiirin*: sulphur over tho connections the insulation would be 
improved. The use of thinner tubing would decrease the weij^ht of alumi- 
num in the <i:uard tube. 

One possibility of error must now be mentioned. In case the ioniza- 
tion chamber allows secondary beta rays from the water to enter in 
sufficient quantity to modify the readiii*rs, the results of the foregoing 
tests may ])e misleading, siiu*e the effect would ])e to increase the values 
in water relative to those in air. This does not, however, seem to l)e 
probable. 

The whole series of experiments could be repeated with an ionization 
chamber made extremely thin in order to intercept and mea.sure the beta 
rays instead of the gamma rays. 

The chamber suggested would not be thick enough to scatter the gamma 
rays appreciably as may happen with the type of chamber that we have 
been using. 

Although under these circumstances both beta and gamma rays would 
take effect, the error due to the ganuna rays would probably be so small 
as to be practically negligible. 



CHAPTER VIII 

PHYSIC^AL AND CHEMICAL EFFECTS OF RADIUM RAYS 

In this eliapter will bo considered briefly some of the physical and 
chemical effects that the radiations from radium may cause. Most of 
these effects are due to the action of the alpha and beta rays although 
they may also result from the <»:amma rays. 

1. IONIZATION OF GASES 

The rays have the power of discharginja; electrified bodies such as the 
electroscope, the rate of discharge depending on the intensity of the 
radiations. In order to explain this phenomenon the theory has been 
advanced that the rays produce in the air negatively charged carriers 
called ** ions'' which render the air a good conductor of electricity. This 
property of producing '*ions" is known as that of ionization. The alpha 
rays have a marked ionizing effect; the beta rays have only one or 
two per cent of the ionizing effect of alpha rays, while the ionizing effect 
of the gamma rays is only a few per cent of that of the beta rays. Locally 
alpha rays have intense ionizing power. Beta and gamma rays have 
a less intense local action but this is distributed over a larger space. The 
total ionizing effect of each of the three kinds of rays is probably about 
the same. The ionizing effect of the gamma rays is probably due to the 
secondary beta rays which are produced by the absorption or **stop- 
l)ing'' of the gamma rays. In the chapter on measurement of the beta- 
gamma ray activity of the radiations this subject has been considered 
in more detail. 

2. PENETRATION OF OPAQUE MATTER 

The degree of penetration possessed by the radiations may be show^n 
by the electroscope. A radium salt exposed freely in an electroscope 
causes a very intense ionization of the air and the charged gold leaf 
moves quickly across the field of the microscope. If the radium prepa- 
ration is covered with a piece of aluminum foil or merely with a sheet 
of note paper, the ionization is much less intense and the gold leaf moves 
much less rapidly. With ten sheets of note paper covering the salt the 
ionization is about one half as intense as with one sheet. It is evident 
that the interposition of the note paper cuts off the most readily absorb- 
able rays which have a marked ionizing effect. By covering the radium 
salt with various thicknesses of metal, rays of widely different pene- 
tiating power may be distinguished. The rays most easily absorbed 

GO 



70 RADirM T1IER.U'Y 

are known as the alpha rays, those less easily absorbed are the beta 
rays, while those least easily absorbed are known as the ^amma rays. 

Alpha rays are absorbed by about .089 mm. of epithelial tissue. They 
are therefore of little or no therapeutic importance. The most pene- 
trating: beta rays are half absorbed by 0.1 mm. of lead and to the extent 
of 99.9 per cent by 1 mm. of lead. According? to Rutherford they are 
completely absorbed by 2 mm. of lead. The hardest beta rays, after 
penetratin«: 1 cm. of epithelial tissue, lose about 94 per cent of their 
energy. In other words, on account of absorption their quantity after 
passing throuofh 1 cm. of tissue, is only about 6 per cent of that at the 
surface. The jranima rays are absorbed to the extent of 40 per cent by 
one cm. of lead and to the extent of 99.4 per cent by 10 cm. of the same 
material. The jramma rays from thirty milligrams of radium can still 
be detected by the electroscope after passing through 25 cm. of lead or 
30 cm. of iron. According to the investigations of Oiraud, gamma rays 
are reduced to one-half their intensity after passing through 20.4 cm. of 
water, 18.3 cm. of blood serum, 14.4 cm. of blood or 7.6 cm. of muscular 
tissue. 

Using lead as a test of absorbing power, hard gamma rays are about 
thirty times as penetrating as hard x-rays from the Coolidge tube. Using 
water (tissues) as a standard of comparison hard gamma rays are 
slightly more than four times as penetrating as hard x-rays. 

Advantage may be taken of the fact that the alpha, beta and gamma 
rays are stopped or absorbed l)y varying thicknesses of metallic and non- 
metallic substances. By placing between the radium and the tissues 
different thicknesses of such materials, varying portions of the beta and 
gamma rays may be filtered out. The biologic effects of the rays will 
evidently vary according to the type and quantity of rays that penetrate 
the screen and are absorbed by the tissues. 

3. PRODUCTION OP HEAT 

Radium lil)erates heat spontaneously and continuously. Compounds 
of radium maintain themselves at a temperature several degrees higher 
than the surrounding atmosphere. In one hour one gram of radium 
element spontaneously generates sufficient heat to elevate the tempera- 
ture of 136 grams of water one degree centigrade. 

**The emission of heat from radium and other radioactive substances 
is in a sense a secondary effect for it is a measure of the energy of the 
radiations expelled from the active matter which are absorbed by the 
active matter itself and the envelope containing it.'* (Rutherford.) 

The alpha particles produce the greatest heating effect, furnishing 125 
calories of the 136 calories produced by one gram of radium in one hour. 
The beta rays bear 4.5 and the gamma rays 6.5 of the remaining 11 
calories. 
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4. EMISSION OF LIGHT 

All radium compounds are feebly self-luminous in the dark. This 
phenomenon is probably due to the presence in preparations containing 
radium of impurities which phosphoresce under the constant bombard- 
ment of the rays. This luminosity varies under different conditions. 
Radium preparations lose a large amount of their luminosity upon ex- 
posure to damp air, but regain it again when the salts are dried. 

5. PHOSPHORESCENCE AND FLUORESCENCE 

Various bodies phosphoresce or fluoresce under the influence of radium 
rays. The large majority of substances that exhibit this property belong 
to the alkali metals or alkali earths. 

Among the many different substances that become luminous when 
exposed to the rays are willemite (zinc silicate), kunzite and sparteite, 
barium platinocyanide, hexagonal zinc blende, certain kinds of dia- 
monds, etc. The property possessed by radium rays of inducing phos- 
phorescence has been taken advantage of by Crookes in devising the 
spinthariscope. In this little instrument a minute quantity of radium is 
enclosed in a tube which has a zinc sulphide screen at one end and a mag- 
nifying lens at the other. Upon looking through the lens in the dark the 
screen appears as a dark field lighted up by rapid scintillations. The lat- 
ter are due to the continuous shooting out of alpha particles which cause, 
by impact, the zinc sulphide to fluoresce. 

Certain bodies, e.g., fluor-spar, when exposed to radium rays become 
luminous only when heated — this phenomenon being known as "thermo- 
luminescence.'' 

The alpha rays are the most active in causing fluorescence, the beta 
and gamma rays being much less powerful in this respect. 

6. PHOTOGRAPHIC ACTION 

All three types of rays have a marked action on the photographic 
plate, the beta rays being less energetic than alpha rays and the gamma 
rays less active than either of the others. Radiographs made with gamma 
rays, however, are better defined than those made with beta rays mixed 
with gamma. Radiographs made with x-rays are much more clear and 
distinct than those made with radium radiations. 

7. COLORATION OF VARIOUS SUBSTANCES 

Ordinary soda glass is colored violet or even black after long continued 
exposure to the rays. Other kinds of glass may become brown or yellow. 
The capillary glass tubes in which the emanation is confined for thera- 
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peiitie use as well as certain parts of the glass tubing of the emanation 
apparatus itself thus turn violet after prolonged use. Plates of mica 
may be colored l)rown or black. Joly showed that the ''pleochroie 
halos** of mica were due to radioactive effects. Diamonds may tem- 
porarily be colored rose, yellow, blue or green. It was at one time 
thought that the change in color produced by the rays in barium platino- 
cyanide might serve as an index to the therapeutic effects of the rays just as 
x-rays may be measured by the Saboraud-Noire pastiles. No practical 
results have been obtained, however, from this method of measurement. 

Coloration effects are due especially to the alpha particles but the beta 
and gamma rays may also act in producing them. 

The change in color due to alpha rays is limited to a surface layer, as, 
e.g., in the case of glass when it is exposed, while the beta and gamma 
rays color the deeper layers of the substance as well. 

8. OTHER CHEMICAL EFFECTS 

In addition to the coloration of certain l)odies just referred to, radium 
rays, especially the alpha particles, may produce various chemical 
changes in numerous substances. Only a few of these effects will be 
mentioned here. 

Ozone may be produced from oxygen. Various metals, such as lead, 
mercury, etc., when exposed in air, are rapidly oxidized. 

Water is decomposed by the radiations into hydrogen and oxygen. 
Organic matter, in general, is decomposed gases being given off. In the 
apparatus for the extraction and purification of radium emanation for 
therapeutic use stopcock grease is not used, owing to the decomposition 
of the grease by the radiations with the production of carbon dioxide. 

Paper, rubber and other fabrics exposed constantly to the radiation.s, 
crack and become reduced after a time to powder. The flexible type 
of radium apj)licator made of linen or rubber l)ecomes more or less dis- 
integrated after sonu» months aiul must be remade, ^lany other chemical 
reactions due to the radiations have been observed but for details of these 
and many other interesting phenomena the reader is referred to special 
works on radioactivity. 



CHAPTER IX 
BIOLOGIC EFFECTS OF RADIUM RAYS 

EFFECTS OF RADIUM RATS ON LIVING CELLS 

Xumeroiis experiments have demonstrated the effects of radium rays 
on livinf? cells of both the vef^etable and animal kingdoms. In this and 
the sneceeding chapter we shall give the results of some purely experi- 
mental investigations which have a direct bearing, however, on the use 
of radium in disease. 

1. Effects on Bacteria 

Aschkinass and Caspari, Chambers and Russ, Green, Pfeiffer and Fried- 
berger, Hoffman, Strebel, Strassmann, and many other investigators have 
carried out experiments to determine the effect of the rays or of the 
emanation on bacteria. 

Pfeiffer and Friedl)erger exposed gelatin cultures of cholera and ty- 
phoid bacilli and of anthrax spores to 25 mg. of radium bromide at a dis- 
tance of 1 cm. The beta and gamma rays were used. The growths within a 
certain superficial area were destroyed in 16, 48, and 72 hours, respec- 
tively. Strassmaini studied the effect of the rays from 10 mg. of radium 
bromide upon various organisms. The time retjuired to kill B. prodi- 
giosus, streptococcus, staphylococcus, and B. tuberculosis was found to 
be 24, 24, 48, and 108 hours, respectively. Chambers and Russ prepared 
emulsions of various organisms in distilled water. Emulsions of B. coli 
communis, staphylococcus pyogenus aureus, B. pyocyaneus, B. anthrax 
and B. tuberculosis were exposed either to a known intensity of beta 
rays or to a measured concentration of radium emanation. The beta rays 
from as small a quantity as 7 mg. radium bromide were found to have a 
bactericidal effect. In estimating the effect of the emanation a known 
volume of the emulsion of the organism was removed from the influence 
of the emanation at different periods and planted upon agar-agar. With 
a concentration of the emanation amounting to 5 mc. per c.c, the number of 
organisms being approximately one million per c.c.< a sterilizing effect 
was noted on the above organisms in periods of from sixty-five minutes 
to four hours. A possible error in these conclusions lies in the fact that 
the emanation produces ozone which may be the bactericidal factor. From 
these and the general trend of many other experiments it has been con- 
cluded that the rays from radium have distinct bactericidal ])roperties 
when allowed to act in sufficient doses outside of the body of the host. 
As to the effect on bacteria in tissues, however, no results have been ob- 
tained experimentally that would indicate that bacteria may be actually 
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destroyed by radium rays without serious injury to the tissues them- 
selves. It may be mentioned, however, that Flemming and Krusius ob- 
served inhibition of the growth of bovine tubercle bacilli placed on the 
cornea or in the anterior chamber of the eye. 

In military surgery beneficial effects in checking suppuration in deep 
wounds liave been noted. Improvement has been noted by the writer and 
others following the introduction of radium tubes into tuberculous si- 
nuses, etc. Certain chronic ulcers discharge less freely after radiation. 
These favorable effects are probably to be attributed, however, to the 
effect on the tissues rather than to the actual bactericidal effect of the 
rays. With our present knowledge of the effect of the rays on the higher 
types of living cells no practical results in the actual destruction of 
bacteria in tissues without destroying the tissues containing them can 
be expected. Long before the bacteria, which are highly resistant vege- 
table organisms, can be destroyed, the more sensitive tissues of the 
animal organism will be irreparably damaged. 

2. Effects on Seeds and Plants 

Abbe, Matout, Molisch, Fabre and many others have recorded interest- 
ing experiments on seeds and plants. Abbe exposed wheat grains to 
mixed beta and gamma rays for different lengths of time and at varied dis- 
tances. ''The universal effect was a depression of growth exactly in 
proportion to both time and distance.*' Matout exposed the seeds of 
cress and white mustard to the beta-gamma rays for a w^eek and found 
that they had lost their power of germination. Molisch exposed the 
buds of syringa vulgaris to the beta rays and found that their growth 
was favored w^hen in the resting stage but hindered when in the growing 
state. Fabre found that a flowering lily, irradiated with strong doses, 
had its development stopped completely. 

Further illustrations of the effect of the ravs on various forms of 
vegetable life may be found in special articles referred to in the bibli- 
ography. 

3. Effects on the Lower Forms of Animal Life 

Observations of the effects of the radiations on certain lower forms of 
animal life (protozoa, etc.) have been made by Bohn, Ilalberstaedter, 
Willcock, Zuelzer and many others. Only a few of these experiments 
can be referred to here. 

Ilalberstaedter and his coworkers radiated trypanosomes and observed 
particularly the effect both on their subsequent motility and their power 
of infecting animals. With the doses used, the motility of the trypan- 
osomes was apparently unaffected. The rays checked, however, their 
power of reproduction so that infection did not, as a rule, occur. From 
this it was inferred that the rays a(*ted particularly on the nuclei which 
are the elements responsible for the propagation of the trypanosomes. 
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Ilalberstaedter, therefore, inferred that the radiations affected and de- 
stroyed the reproductive functions of the organisms before the nutritive 
functions were injured. 

The effects on the developing forms of some of the lower animals have 
been observed by Bohn, 0., G. and P. Ilertwig, Thur, and many others, 
Bohn investigated the effects on the spermatozoa, ova and larvae of the 
sea urchin. Spermatozoa were rendered less active and finally killed. 
Ova and larvae developed more slowly and irregularities of development 
and form were observed. 

Paula Ilertwig investigated the effect of radiations on the development 
of the ova of ascaris megalocephala, particularly with respect to the 
nuclear changes. Development was slower than normal and irregu- 
larities of form w^ere noted. The chromatin of the nuclei was especially 
affected and even destroyed. 

Thur observed the effect of radium rays upon chick embryos and later 
upon the embryos of the gold fish. Retardation and irregularities of devel- 
opment and the production of monstrosities were noted. 0. and 6. Hertwig 
have made an extensive series of observations upon the spermatozoa, ova and 
larvae of frogs. Sufficiently long exposures disorganized the chromatin of 
the spermatozoa. Ova that had been fertilized with normal spermatozoa 
and then irradiated developed much more slowly than normally and ex- 
hibited many irregularities of development. Ova that were fertilized 
with irradiated spermatozoa also showed many abnormalities of develop- 
ment. It is of interest to note that 0. Hertwig found that certain chem- 
ical agents produced irregularities of development and abnormalities of 
form that were nearlv identical with those due to radiation. 

"Radium cannot therefore be regarded as producing changes in these 
developing forms that are absolutely characteristic. 

For a fuller account of these and many other interesting observations 
of the effects of the rays on various organisms the reader is referred to 
the articles mentioned in the bibliography. 

4. Effects on the Various Tissues of the Higher Animals 

Broadly speaking, all three types of radium rays, if allowed to act in 
sufficient doses, produce inflammation and even destruction of the ir- 
radiated tissues. In a subsequent chapter devoted to the subject of ''re- 
action" we shall refer to two different kinds of response on the part of 
the tissues that are to be observed after the application of radium to the 
skin. We shall then emphasize the fact that very important modifica- 
tions of vital tissues may be brought about either by a selective or by 
an inflammatory effect of the rays. We mention this at this point in 
order to correct an erroneous belief that radium rays in order to cause 
pathologic tissues to disappear necessarily cause inflammation. Most 
of the histologic examinations of irradiated tissues have been made in 



7G RADITM TllKKAPY 

cases ill which a more or h'ss intensive inflammatory effect had been 
produced. The ^'selective'' effect of the radiations, resulting in modi- 
fications of tissue that are not associated with visible inflammation is 
just as important, however, from a clinical point of view, as the in- 
flammatorv eft'ect. 

EFFECTS OF THE RATS ON THE SKIN 

The macroscopic or clinical a])pearance of the inflammation of the skin 
due to radium rays will be discussed in the main in a later chapter under 
the subject of ** react ion/' Here we may consider the histologic changes 
occurring in the skin after experimental radiations. 

These changes have been ()l)served and described by Halkin, Thies, 
Guyot, Dominici and Haivat, and many othei's. The animals used in the 
various experiments were i)igs, guinea pigs and mice. Thies exposed an 
area of human skin. 

We may first briefly epitomize the histologic findings of Dominici and 
Barcat who have accurately stated the conditions of their experiments. 
These two authors made their investigations with six mg. of radium 
bromide contained in a ** varnish plaque'* and spread over a circular 
surface two cm. in diameter. In one series of experiments no screen 
was used, the radiations consisting, therefore, of mixed beta and gamma 
rays (beta rays pr()l)al)ly J)0 per cent, gamma rays 10 per cent). Ten 
exposures of five minutes each were given on successive days, guinea 
pigs being used. The clinical effects appeared ten days later. These 
consisted of erythema followed by uleeration and crusting. The crust 
fell off between the fifth and sixth week. The healed irradiated area 
then appeared as a depigmented, hairless, smooth and supple scar. 

Histologic Findings Eight or Ten Days after the Commencement of 

Exposures 

In the epidermis, evidiMices of inflammation were noted. The nuclei 
of the epithelial cells showed enlargement or irregularity of outline to- 
gether with thickening of the cliromatin fibrils and the nucleolus. In- 
tercellular edema was present. 

Histologic Findings Ten or Fifteen Days after the Commencement of 

Exposures 

Ei)idermal desquamation was noted and tlnMv were evidences of a 
granular and i)igmenta ry degeneration in the sweat and sebaceous glands 
and in the hair follicles. During this same period the corium was the 
seat of an intense congestion and of a beginning embryonic transfor- 
mation. 
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Histologic Findings Thirty or Forty Days after the Commencement of 

Exposures 

Two phases wore noted. (1) *^The phase of emhryonic regression'* 
and later (2) *'the phase of fibrosis/' Durinji: the first pliase the epi- 
dermis was restored but the hair follieles and glandular structures were 
permanently destroyed. The eorium had undergone such changes that 
its normal structure was apparently lost. There was a temporary rever- 
sion to an embryonic type. The connective tissue and the elastic tissue 
underwent a transformation, giving place to innumerable branching 
connective tissue cells. These had ramifying and anastomosing proc- 
esses. The smooth muscle fibers underwent similar changes, being in- 
distinguishable from the other embryonic tissue cells. The small blood 
vessels showed a tendencv to revert to embrvonic forms. The endothe- 
lium acquired the plasmodial character of the embryonic type. The walls 
of the vessels themselves appeared to be made up of fusiform and stel- 
late cells continuous both with the extrinsic proliferating connective 
tissue cells and with the endothelium itself. In short, the connective 
tissue and vascular svstem of the eorium became converted into an 
embryonic and angiomatous type of tissue. 

In the second phase, fibrous connective tissue redeveloped. There was 
a tendency toward the formation of a fibrous scar which differed, how- 
ever, both from the normal coi-ium and from the usual postinflammatory 
sclerotic tissue. From the former it was distinguished by the regularity 
of the superimposed connective tissue fibers and the intervening cells 
and by the fact that the fibrous tissue formed lines parallel with each 
other and with the surface. From the latter it was distinguished by the 
remarkable regularity of the sclerotic tissue and by **the absence of 
fibroid perivascular rings and of vascular obliteration.*' Six or seven 
months after the commencement of the exposures, connective tissue fibers 
largely replaced the cellular elements but there was the same remarkable 
regularity and parallel arrangement of the sclerotic tissue. 

In a second series of experiments carried out by Dominici and Barcat 
the same radium plaque screened with 0.5 mm. of silver was used. As 
this screen filtered out more than 96 per cent of the hard beta rays, the 
gamma rays were responsible for the main changes. After an exposure 
of fifty minutes no changes were observed. After an exposure of four- 
teen hours, there were found histologically an enlargement of the nuclei 
of the cells of the epidermis and evidences of congestion of the eorium. 
The latter condition was accompanied by a slight hypertrophy of the 
nucleus and cytoplasm of the connective tissue cells. After an exposure 
of two or three days there was superficial but temporary destruction of 
the epidermis. The eorium displayed histologic changes that were not 
to be distinguished from those occurring after an exposure of fifty min- 
utes to the unscreened apparatus. 
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Lazarus-Barlow has carried out a sorios of experiments to determine 
the histologic effects of radium rays on columnar and squamous epithelium. 
Two tubes, one containing 92 milligrams and the other 38 milligrams of ra- 
dium bromide (about 49 milligrams and 17 milligrams of radium element) 
were chosen and allowed to act under the conditions described below for 
thirteen and one-half and thirty minutes, respectively. The two tubes, hav- 
ing nearly the same screening of platinum and acting under the above con- 
ditioas( i.e., a larger quantity for a shorter time and a smaller quantity for 
a longer time) produced the same total amount of ionization. From this 
standpoint, therefore, the dose was considered as being the same from each 
tube. Each tube was inserted into the rectum of a series of rats so that 
S different areas covered by 3 different kinds of epithelium were affected, 
viz., the rectum (columnar epithelium), the anus (moist squamous epi- 
thelium) and the under surface of the tail (dry squamous epithelium). 
The animals were killed so that the effects on the first, second, third, 
seventh, eighth and ninth days after exposure could be studied. The 
chief effects were the following: 

Columnar epithelium region : 92 mg. acting for 13% minutes produced 
in general less inflammatory changes than 38 mg. acting for thirty minutes. 
This was found to be the case during every period — first to ninth day of the 
examination. 

Immediately adjacent to the tube, more disturbance of mitosis but less 
inflammatory reaction was observed from the effects of the 92 milligram 
tube. At a short distance from the tube, less disturbance of mitosis and 
less inflammatory action was produced by the 92 milligram tube. De- 
generative effects, however, such as desquamation, mucous formation, 
mucoid degeneration, and nuclear changes were more marked as a result 
of the action of the 92 milligram tube. 

In the moist squamous epithelium region the reverse of the above find- 
ings was noted. Thirty-eight milligrams acting for thirty minutes pro- 
duced more changes in the cells — reduction in number of mitoses, swell- 
ing of the nuclei and loss of staining qualities — than 92 milligrams acting 
for thirteen and one half minutes. There were no inflammatory changes. 

In the dry squamous epithelium region also the 38 milligram tube in 
thirty minutes produced more marked alterations in the cells, such as 
inhibition of mitosis and loss of staining qualities, than the 92 milligram 
tube in thirteen and one-half minutes. The sphincter ani muscle under- 
lying the epithelium was also more affected by the 38 milligram tube 
acting for thirty minutes. 

In another series of experiments, the effect of rays of different char- 
acter, obtained by varying the thickness of the screens covering the 
tubes, was studied. The 92 milligram tube was used but was covered 
with platinum screens varying in thickness from 0.5 mm. to 2 mm. When 
a thickness of 0.5 mm. of platinum is used the hard beta rays accompany 
the total gamma radiation. When a thickness of 2 mm. of platinum is 
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used the hard beta and soft gramma rays are eliminated, only the 
hard gamma rays acting. The radium was maintained at the same dis- 
tance from the tissues in the different experiments by coating the screens 
with paraffine wax so that their outside diameter was uniformly 8 mm. 
The time factor of the exposures was varied so that each dose produced 
the same total ionization. The difference in the exposures therefore 
consisted only in the different quality of the rays employed. Under 
these conditions, the epithelium and subepithelial tissues showed greater 
damage as a result of exposures made with the thinner screens (hard beta 
plus gamma rays) than with the thicker screens (hard gamma rays). 

In still another experiment, the same two tubes containing 92 and 38 
mg., respectively, were used. The 92 milligram tube was allowed to 
act for one hundred and eight minutes and the 38 milligram for two 
hundred and forty minutes. Measured by the total amount of ionization 
produced, the dose with each tube was the same. Each tube was in- 
serted into the lower end of the rectum of a rat so that both this part 
of the rectum and the adjacent parts of the tail were exposed to the 
rays. The two animals were killed on the ninth day after the exposure. 
The chief effects were the following: 

In the columnar epithelial cell region the 38 milligram tube acting for 
two hundred forty minutes produced more destructive effects than did 
the 92 milligram tube acting for one hundred eight minutes. The mucous 
membrane in contact with the tube in some places sloughed away. 

In the squamous epithelial cell region the effects were reversed. Here 
the 92 milligram tube produced more marked inflammatory changes and 
destruction of squamous cells in one hundred eight minutes than did 
the 38 milligram tube acting for two hundred forty minutes. 

The following inferences may be drawn from these experiments: In- 
asmuch as less damage was ordinarily done to the normal columnar epi- 
thelium regions when the quantity factor was large and the time factor 
small, this general method of procedure may be adopted in making 
therapeutic applications to these regions. 

In the case of squamous epithelial cell regions, the reverse effects were 
noted, i.e., less damage was done to normal tissues by the smaller quantity 
acting for a longer time. In the treatment of these regions therefore 
it is probable that a smaller quantity allowed to act for a longer time 
may be theoretically used with advantage. It must be emphasized, how- 
ever, that conclusions drawn from these and similar experiments must 
not be accepted too literally. 

Practical experience has shown conclusively that not less than 50 
milligrams of radium element and in some instances more than twenty times 
this quantity should be used in dealing with malignant conditions. One 
must not be misled, therefore, into assuming that very small quantities 
of radium are capable of seriously affecting large masses of malignant 
tissue no matter how prolonged may be the exposure. According to 
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some authors, too small a (luantity of radium may even do serious harm 
by stimulatinp: cellular activity. 

EFFECTS ON THE SPLEEN, LYMPHATIC GLANDS AND BONE 

MARROW 

Tlio action of radium rays on the normal spleen, the lymphatic system 
and the bone marrow has been investigated by Thies, ITeinecke and many 
others. Thies irradiated white mice **in toto** with 20 millijrrams of 
radium bromide for various periods. After a prolongred exposure (nine 
TO eleven days) he found that the spleen, the lymphatic jrlands, and 
solitary lymph follicles showed an absence of lymphocytes. The spleen 
Avas diminished in size and small masses of pip:ment were found throngfh- 
out the pulp and especially around the arteries. The supporting? con- 
nective tissue was increased. Tleinccke found similar chanp:es in the 
spleen as the result of irradiations. This author irradiated the exposed 
spleen of rabbits and guinea pif?s for as short a period as five seconds 
and detected pronounced destruction of the nuclei of the cells. The 
same lenjifth of exposure ])roduced no change whatever in the skin. He 
found also that radiation of the abdominal wall for one hour with twenty 
millipframs of radium bromide caused pronimnced destruction of the 
lymphocytes in the abdominal cavity. Oudzent investigated the effect 
on the spleen and other orjrans of injections of lar^e doses of thorium 
X. The results were very similar to those produced by external radia- 
tions. Accordinji: to this author. foHowinj; the injections the entire spleen 
exhibits marked hyperemia. Its v(^lume is later diminished. The cells 
of the spleen pulp decrease in numl)ers and in some places disappear al- 
toofether. On the other hand, the capsule and trabeculae are thickened 
and appear more prominiMit. l)cj)osits of ])i<rment are seen throughout 
the entire orp:an. 

As to the chanjre in the bone marrow, Thies found, in the experiments 
previously referred to, that in some cases, the marrow cavity of the bones 
was packed with erythrocytes while hemorrhaji:es were common. In other 
cases, the bone marrow showed almost no cellular elements althouKh an 
occasional polymorphonuclear or mononucb^ar cell was seen. 

The favoral)le ctTects on the spleen and the blood picture, such as de- 
crease in size of the s])lecn, decrease in leucocytes, etc., noted in cases 
of leukemia subsc(picnt to radiations of the spleen, are referred to in a 
later chai)tcr. In jreneral it may be inferred from the experiments 
mentioned al)ove as well as from a <rrcat deal of clinical evidence, that 
the spleen, lymphatic glands and bone marrow are extremely sensitive 
to radium radiations. 

EFFECTS ON THE BLOOD 

The blood either ^*in vivo'* or ^'in vitro*' may be affected by the rays. 
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Blood '4n Vivo" 

Only a few of the numerous experiments undertaken to determine the 
action of radium on the blood *'in vivo" will be mentioned. Bouchard, 
Curie and Balthazard found that a marked decrease of the leucocytes 
occurred in mice which were made to inhale large quantities of radium 
emanation. Von Noorden and Falta found that inhalations of emanation 
caused primarily an increase of the leucocytes but later a decrease was 
sometimes noted. On the other hand, if a considerable quantity of emana- 
tion (100 mc. dissolved in 20 c.c. of normal salt solution) is injected 
subcutaneously no marked changes will occur in the blood (Price Jones, 
cited by Col well and Russ). Brill and Zehner injected soluble radium 
salts subcutaneously into dogs. In one case, .184 mg. and in another case 
.064 mg. of radium chloride was used. They found that an increase both 
in the number of red cells and of leucocytes resulted. The effect of large 
doses was to decrease the number of leucocytes. 

In the experiments of Thies, who irradiated white mice "in toto," a 
marked diminution in the number of leucocytes in the blood resulted. 
The polymorphonuclears were very scanty and the mononuclears were 
almost absent. 

Aubertin and Delamosse found that radiations of animals produced 
a transient leucocytosis followed by a long continued leucopenia. 

In a case of myelogenous leukemia, reported by Renon, Degrais and 
Thibaut, the splenic area was rayed although the spleen had been pre- 
viously removed. Changes in the blood, such as diminution of leu- 
cocytes, etc., were produced that were practically identical with those 
found when the spleen is present and subjected to radiations. One may 
almost certainly conclude that these changes were due to the direct 
effects of the rays on the blood itself during its circulation through the 
abdominal cavitv. 

The effect on the blood of the internal administration of radium will be 
further considered in the chapter devoted to radium in internal medicine. 

From the experiments already mentioned we may draw the following 
conclusions as to the effect of the ravs on the blood : 

Radium may affect the blood whether given internally or allowed to 
act externally. 

As a result of the internal administration of radium or its derivatives, 
either by injections or inhalations, a pronounced effect may be produced 
on the blood and especially on the leucocytes. By this method of admin- 
istration the whole organism and especially the hemopoietic organs re- 
ceive a general though slight bombardment by the rays. 

By means of external radiation of the Avhole body, or of the spleen 
especially, similar effects may be produced. The effect, in general, 
on the blood, of therapeutic doses acting internally or externally is to 
produce a leukopenia, which follows an initial transient leucocytosis. 
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The red blood cells and hemoglobin are frequently increased. While the 
exact mechanism of the action of radium on the blood is not thoroujarhly 
understood, it seems probable that the rays may act both directly on the 
elements of the circulating^ blood and also indirectly by affecting the 
hemopoietic organs. 

Effect on Blood Coagulation 

According to vcm den Velden, small therapeutic doses of radium in- 
ternally cause the blood *'in vivo*' to coagulate more quickly. This 
result was noted in a case of hemophilia. The effect is only temporar5\ 
As the result of the administration of large doses of radium, causing a 
pronounced leucopenia, Kohom (cited by Cludzent) found that the blood 
coagulated more slowly. Von Domarus and Salle observed the same 
effects from large doses of thorium X. 

Blood *4n Vitro" 

Blood **in vitro'' may also be affected by exposing it to the radiations. 
According to Chambers and Russ, the red blood cells may be hemolyzed, 
especially by the alpha rays. Citrated blood exposed to radium emana- 
tion (.52 mc. per c.c.) was almost completely hemolyzed at the end of 
forty-eight hours. 

According to the same authors, the phagocytic power of the leucocytes 
is reduced by exposure to the emanation, Avhile prolonged exposure re- 
sults in their complete disintegration. When blood serum is exposed to 
alpha rays, the properties of opsonin and hemolytic complement are lost. 

Effects of the Rays on the Blood Vessels 

The changes in the vessels that may be caused by radium rays have 
already been mentioned. Ilalkin, Thies, Horowitz and many others have 
described the changes produced in normal vessels. In general, the endo- 
thelium of blood vessels is extremely sensitive to radium rays. The 
endothelial cells swell up tremendously so that the lumen of the vessel 
may be obliterated. Later, degenerative changes take place and the cells 
disappear. The tunics of the vessels become infiltrated with leucocytes. 
Capillary hemorrhages may occur and later complete vascular oblitera- 
tion may take place. 

EFFECT OF THE RATS ON CONNECTIVE TISSUE, MUSCLE AND 

CARTILAGE 

Thies found that the white fibrous connective tissue, when exposed to 
the ravs, underwent destruction. This effect was in direct contrast to 
the effect on the yellow elastic fibers which even after prolonged expo- 
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sures remained apparently intact. Dominiei and Baroat confirmed the 
resistance of the yellow elastic fibers to the rays. According: to the latter 
two authors, elastic fibers reappear in considerable proportion as a post 
radiation process. The smoothness and suppleness of the radiation scar' 
is explained by this fact and also by the absence of excessive connective 
tissue formation in the scar. 

Striated muscle degenerates under the action of the rays, the muscular 
fibers being replaced by connective tissue. 

Hyaline cartilage may be initially destroyed but later there may be 
observed pronounced hypertrophic changes in the cartilage itself. The 
earlier observations of Thies on this point were later confirmed by 
Horowitz. 

EFFECTS OF THE RATS ON THE THYROID AND THYMUS 

GLANDS 

No reports of purely experimental investigations as to the effect of 
radium rays on the thyroid and thymus glands have yet appeared. We 
may mention here the experiments of Krause and Ziegler and of Rave as 
to the effects of x-rays on the thyroid gland of animals. These authors 
did not detect either macroscopic or microscopic changes in the thyroid 
gland due to x-ray radiation. From a clinical point of view, however, 
very marked effects on the thyroid gland have followed x-ray exposures 
even though the tissue changes were negligible. The clinical effect of 
radium on the thyroid was shown first by Abbe and later by Dawson 
Turner, Aikens and many others. As a result of radiations with radium, 
the thvroid has been noted to decrease in size and functional disturbances 
have improved. This topic will be considered again under the discussion 
of the treatment of goiter. 

The thymus gland in animals has been radiated experimentally with 
x-rays by Rudberg, Pigache and Beclere, Regaud et Cremieu and 
Eggers. In general it may be stated that atrophy of the organ occurs 
as a result of x-rav radiations. The excellent clinical results of Bravton 
and Heublein in producing atrophy of the pathologically enlarged thy- 
mus in children bv means of radium radiations will be referred to in a 
later chapter. 

EFFECTS OF THE RAYS ON THE STOMACH, LIVER, SALIVARY 

GLANDS, PANCREAS AND KIDNEYS 

Delbet, Herrenschmidt and jVIocquot performed gastrostomy on dogs 
and exposed the gastric mucosa to fifty milligrams of radium bromide, 
screened with 0.5 mm. of silver, for twenty-four hours. Hard beta and 
gamma rays were thus used, the latter preponderating. After a latent 
period of eight days, hyperemia and blood extravasation involving the 
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mucosa were noted in the irradiated area. Eijrht to fifteen days after the 
exposure marked destructive effects throuja:hout the whole thickness of 
the mucosa were found. At the site of application of the radium, the 
superficial e])ithelial cells and the cells of the glands of the mucosa were 
destroyed. Tn the adjacent areas there were evidences of stimulation of 
these cells. The connective tissue of the mucosa and submucosa showed 
hyperplastic chancres. No changes were observed except in a small area 
3 cm. in diameter which was the site of the attachment of the radium tube 
to the stomach wall. 

Thies, Horowitz and Mills have described the changes resulting from 
exposure of the liver to radium rays. Thies applied 20 mg. of radium 
bromide for six hours to the surgically exposed liver of a guinea pig. 
The radium was |)ractically unscreened. Examined at intervals between 
llie first and fourteenth day, the main histologic changes were early 
hyperemia and hemorrhages in the liver lobules, followed later by necro- 
sis of the liver cells with separation and compression of the necrotic areas 
by newly formed connective tissue. 

Horowitz exposed surgically the submaxillary gland and also the pan- 
creas of rabbits and inserted 1 mg. of radium bromide unscreened. Local 
destruction of glandular tissue, followed by connective tis.sue repair, was 
noted. The same author used 20 mg. of radium bromide for experiments on 
the kidneys of rabbits. Inserted into the kidney for ten days, localized areas 
of necrosis were produced. Short radiations ])roduced merely marked 
hy])eremia. 

EFFECTS OP THE RAYS ON THE TESTIS AND OVARY 

Thies found that ex])osur(* of tin* testis of adult guinea ])igs to 20 mg. 
of radium bromide for twenty-four hours resulted in destruction of the 
seminiferous epithelium. Fourte(»n days after exposure, no spermatozoa 
eould be detected. Horowitz has cf>nfirnied Thies' experiments. Horo- 
witz exposed the ovary of a rabbit to one mg. of radium bi'oinid(» for ten 
days. This resulted in atrophy of the graafian follieles. 

EFFECTS OF THE RAYS ON THE NERVOUS SYSTEM 

Diiiivsz exposrd sin'LMcjilly llie lu'jiiiis aiMJ ^|»in;il enrds of iiiifc, L'"ni]iea 
piii> .'ind I';i1»1mK and (il»>ci'\ i-d iIh- crrcci^ ol' ^iniill ;iiinniiil> of r.-idiuni 
•\ iii'j". !";i(liiiiii >;ilt iipnii the cfiit i';il inTXdiis sxsinn. SyniptiMiis of 
p;i r;dysis. ftr., a|»|)r;irr(l hit'T iiiid <j1i lnHinh n.i lii^l (il.ioic cliiiiiLif^ wei'e 
(h'trctrci i)i tlh' ;i«'ln;jl iiei'xe rlrmciit n. ln'iiKiri'li.iui'x w (Ti' iM>i('(|. Tills 
nl».s<'r\;ii ion 1<'(I 1(1 the N(>nn'\\li;il ri-ri>ni'i»UN cnnrliivion ili;ii tin* cenlral 
nervnus .s\st.'ni \\;is vcr\ cisils ;i iVi'i'ii'il l)\ rjidinin i';i\>^ Liitrr ()1k'!'- 

• • • • • 

^teiner. in ]n;iii\ «'\|M'riiii('nt>s i>n wliitr nm*!-. lOiind ni;ii'k<'d iiiil.inim.itury 
and d<-L!«'iu'iiii I\ r rlunmi'N in lln* \i-s<sids (d' ilie •••■nii'id ncrxnu^ ^y^^icni. 
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He concluded that the symptoms of nerve deraiijiremeiit were fully ac- 
counted for by the vascular chanjjres. 

Horsley and Finzi experimented on the brains of monkeys. After 
trephining the skull, 55 mg. of radium bromide screened with 0.5 mm. of 
platinum and 1 mm. of rubber were placed on the brain substance and 
allowed to remain for two and one-half hours. The gamma rays were 
evidently responsible for the principal effects. No changes in either 
the nerve cells or the neuroglia could be made out at the end of twenty- 
six and thirty-one days, respectively. Marked vascular changes, how- 
ever, such as thromboses and hemorrhages, were found. These authors 
also concluded that nerve tissue itself was relatively insensitive and that 
the vessel disturbance accounted for any nerve derangements. 

As to the peripheral nerves, Okada and Scholtz found no alteration of 
the nerve substance after irradiating the sciatic nerves of rabbits. Horo- 
witz, however, found in similar experiments, atrophic changes in the 
axis cylinders and destruction of the myelin sheath. 

EFFECTS OF THE RATS ON THE EYE 

Birch-Hirschfeld studied the effects of 20 mg. of radium bromide when 
applied over the closed eyes of rabbits for periods of 4 to 6 hours. The 
effects were identical with those due to exposure to x-rays. After a 
latent period inflammatory changes appeared consisting of blepharitis, 
conjunctivitis, interstitial keratitis, and iritis. After several weeks these 
disturbances disappeared. Thirty-nine to 60 days after the exposures, 
retinal degeneration or optic atrophy or both effects occurred, differing 
according to the conditions of the experiments. 

Certain physiologic optical effects may be referred to here. Tlardy and 
Anderson have confirmed the earlier observations of Giesel and others 
as to certain optical effects of the radiations. The sensation of light pro- 
duced in a dark room by bringing a radium preparation in front of the 
closed eyelid is due to the action of the gamma rays (the closed eyelid 
absorbing the beta rays) on the retina. The same effect is produced in 
the blind if the retina is intact. 

The lens and retina of the eye are markedly phosphorescent upon ex- 
posure to both beta and gamma rays. If the phosphorescence of radium 
itself is obscured by black paper in a dark room, the open eye may still 
detect luminosity due, it is believed, to the phosphorescence produced in 
the eye ball. 

Certain general conclusions may be deduced from a consideration of 
the observed effects of radium rays on vital tissues. 

1. A latent period is always present after the application of radium. 
This period may last for several days or weeks. Histologic changes can 
be detected usually in a few days but clinical changes may be deferred 
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for 2 or 3 woeks. After exposure to beta rays (mixed with gamma) the 
latent period is shorter and s'l^us of inflammation are more pronounced 
than Avhen gamma rays alone are used. The use of considerable quan- 
tities of radium shortens the latent period. 

2. Radium rays have a "selective'* or as some would prefer to call 
it a "diflPerentiar' action on vital cells. Colwell and Russ have suggested 
the term ''selective absorption." The latter term suggests "that the 
more the rays are absorbedthe greater the action they have." The phys- 
ical evidence would indicate that two tissues of the same density w-ill 
absorb the same quantity of gamma rays, while the clinical results in the 
two types of tissue of the same dose of rays may vary widely, depending 
on the sensitiveness of the cell to the rays. All cells may be influenced 
and modified and may even be destroyed by the rays if the dose is great 
enough. 

As we have previously said, vascular endothelium is particularly 
I sensitive to the rays. In tissues rich in vessels, therefore, there is little 
doubt that at least part of the effects observed are due to the action of 
the rays on the blood vessels. The sensitiveness of vascular tissue to 
radium rays accounts for the excellent residts obtained in angiomata. 
Sometimes these tumors can l)e made to retrogress without macroscopic 
evidences of inflammation. 

EFFECT ON BLOOD-MAKING ORGANS 

The hematopoietic organs — spleen, lymphatic glands and bone mar- 
row — are the most sensitive of all the tissues to the rays. 

An important generalization as to the effect of x-rays has been made by 
Bergonie and Tribondcau. There is evidence to indicate that the same 
general law holds for radium rays. According to these authors, imma- 
ture cells and cells that are actively dividing are more susceptible to 
x-rays than adult cells or cells that have already acquired the functional 
and anatomical characteristics of complete maturity. 

THE METHOD OF ACTION OF RADIUM RATS ON NORMAL CELLS 

Various theories have been advanced to account for the changes in 
tissues that have been subjected to radiations. According to G. Schwarz, 
the radiations cause in the cells a chemical change, the main feature of 
which is the disintegration of lecithin. The lecithin theory, however, has 
not been confirmed by other researches. Wohlgemuth, Loewenthal and 
others have advanced the theory that the cfTcct on the cell ferments is 
the essential factor in causing tissue* changes. Later researches indicate 
that the radiations ilo not afl'ect the ferments. 

Ricker's theory, formulated as tlic result of his experimental studies 
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on the ear and kidney of the rabbit, is the following: As the result of 
the radiations the nerve supply of the blood vessels is first stimulated. 
This is followed by vascular dilatation and stasis. The cellular changes 
result from these effects. This theory neglects the fundamental studies 
of Hertwig which show that the nucleus of the cell is the first point of 
attack of the rays. 

Another purely hypothetical suggestion, which is not supported by 
any experimental evidence, is that the plasmatic colloids of the skin are 
changed so that the ions of the surrounding medium enter into the cells 
and thus injure or destroy them. Gudzent has summed up our present 
knowledge of the nature and cause of the cellular changes produced by 
radiations as follows: '*We may recognize both histologic and func- 
tional primary changes in irradiated cells. Histologically, the nucleus of 
the irradiated cell shows a 'foamy or honey-combed swelling.' In some 
cases there may be a shrinking and disintegration of the nucleus. The 
cytoplasm either shows no change at all or a slight * foamy swelling' 
which may be secondary to the nuclear change. The more actively 
mitotic or reproductive the cell is, the more radiosensitive it is found 
to be. 

**Heinecke called attention to the effect of the rays on certain highly 
radiosensitive cells such as lymphocytes and certain cells of the bone 
marrow. In these cells there was found to be practically no latent period 
after radiation. Within an hour after exposure to the rays, the nuclei 
of the lymphocytes show-ed signs of complete disintegration. This was 
shown by the presence of pycnotic globules and nodules w^hich were at- 
tacked by phagocytes and in twenty-four hours disappeared almost com- 
pletely. The same changes were observed in the cells of lymphosarcoma, 
which is also highly radiosensitive. 

"One is forced to the conclusion that in these cases, at least, the essen- 
tial primary effect of the rays is the direct action on the nucleus of the 
cell, causing its destruction. The cytoplasm of the cell is injured, also, 
but to a lesser degree. 

''Functionally, the change in irradiated cells is shown by various experi- 
ments, such as those of Ilalberstaedter with reference to the effect of the 
radiations on trypanosomes and of von Wassermann on mouse carcinoma. 
These experiments tend to show that the primary functional change in the 
cells consists in the loss of their power of propagation. The nutritive 
powers of the cells are affeifted secondarily. 

"We may thus conclude, in a word, that anatomically, the nucleus is the 
direct point of attack of the rays on the cell, and functionally, the repro- 
ductive power of the cell is the first to suffer. As to the ultimate nature 
or the exact character of the changes in the cell, we are still without ade- 
quate knowledge.*' This topic will be referred to again in the discussion 
of the changes in irradiated malignant cells. 
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EFFECTS OF THE DIFFERENT TYPES OF RAYS 

Alpha Rays 

The alpha rays, being practically always absorbed by the radium con- 
tainer, are never used therapeutically to the exclusion of the beta and 
gamma rays. Tliooretically they could be employed by using Radium P. 
(polonium) as a source of the radiations inasmuch as this substance 
emits only alpha rays. According to Gudzent, the effect on the skin of 
radiations with polonium are similar to those observed after beta or 
gamma rays are allowed to act, i.e., an inflammatory skin reaction is 
produced. According to Becton and Russ, certain experiments done first 
with all the rays and then subsequently with the combined beta and 
gamma rays indicate that certain effects are due only to the alpha rays. 
Thus the disappearance of Altmann's granules in cells of healthy tissue 
is noted after using all the rays but this does not occur when beta and 
gamma rays are used, (rudzent states that by injections of thorium X, 
the organism is subjected mainly to an alpha ray effect. This topic will 
be considered again in a later chapter. 

Beta Rays 

In therapeutic applications in which the effect of the beta rays is espe- 
cially desired, unscreened radium is applied to the tissues. Beta rays 
are always mixed, however, under these conditions, with gamma rays. 
Most of the experimental work undertaken to determine the action of the 
radiations on tissues has been done with mixed beta and gamma rays, 
although unfortunately the exact conditions of the experiments have 
not always been stated. As we have already shown in considering the 
subject of screens and filtration, varying portions of the beta rays may 
be employed depending on the thickness of the screens used. 

Abbe deflected the beta rays by means of a strong magnet, and was 
thus able to use them alone unmixed with gamma rays. He achieved good 
results in various skin diseases. The practical difficulty in this procedure 
will probably prevent extensive use of this method, although it is inter- 
esting from a scientific standpoint. In the ordinary varnish or glazed 
plaques, devised for therapeutic applications, ])eta rays form about 90 per 
cent of the total radiation escaping from the instrument, when no screen 
is used. In applications lasting from several minutes to several hours, 
therefore, the effect of the beta rays greatly preponderates. 

Gamma Rays 

After filtering out the beta and some of the softer gamma rays by 
2 mm. of lead the hard gamma rays alone act on the tissues. The experi- 
mental effects of these have been studied by a few authors and especially 
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by Domiiiici. The problem as to whether all three types of rays — alpha, 
beta, and gamma — have an identical effect on the tissues is not entirely 
settled. Colwell and Riiss state that '* different rays give rise to quite 
different effects upon one and the same variety of cell/' Pappenheim, 
Plesch and Silva Mello, also, from their studies of the results of injections 
of thorium X, the effects of which are due largely to alpha rays, believe 
there is a difference between these effects and those of the beta and 
gamma rays. Heinecke, however, Avho subjected the entire organism of 
animals to x-ray exposures sees a great similarity in the biologic effects 
of thorium X and x-rays. In Heinecke 's experiments with x-rays just 
as with injections of thorium X, the hematopoietic organs — spleen, lym- 
phatic glands and bone marrow — were especially injured. All other 
organs were much less affected. 

In an attempt to settle the problem of the identity of the biologic 
effects of alpha, beta and gamma rays, Gudzent and Levy carried out a 
series of comparative histologic examinations. The different organs, 
such as the spleen, bone marrow, lymph glands, liver and kidney of rats 
were sectioned, the animals having been killed by injections of thorium 
X, by roentgen rays, and by radium radiations, respectively. They con- 
cluded that the histologic effects of alpha, beta, and gamma rays were 
the same. 

In contradistinction to some of the authors mentioned above, Gudzent, 
therefore, feels justified in assuming that the effect of the different rays 
depends solely upon the sensitiveness of the cells. The idea of an elec- 
tive action of the different rays, by which each type of ray acts differ- 
ently on the same cell, is thus not borne out. This author comes to the 
conclusion that the same explanation of the biologic effects of the rays 
may be given as for its physical and chemical effects. The radiated body, 
through ionization, becomes practically an electric field, which comprises 
the positively and negatively charged parts of the radiated material. In 
this ionization of the radiated tissues lies the explanation of the biologic 
effect of the ravs. 

From the clinical point of view it would appear to the writer that the 
same cells may react differently to different types of rays, in accordance 
with the belief of Colwell and Russ. Thus the angiomata, as a class, are 
very sensitive to both the beta and gamma rays from radium, sometimes 
yielding to doses that produce no visible inflammation. On the other 
hand, angiomata are not at all sensitive to x-rays yielding only to destruc- 
tive doses with the latter agent. 

Other examples, illustrating the different effects of different rays upon 
the same type of cell, might be cited but the full elucidation of this 
topic must await further investigations. 



CHAPTER X 
BIOLOGIC EFFECTS OF RADIITM RAYS (CONTINUED) 

EFFECTS OF RADIUM RATS ON MALIGNANT CELLS 

Effects of the rays on rat and mice tnniors. Certain tumors of rats and 
mice, it is Avell known, can ordinarily be transplanted from one animal 
to another by subcutaneous inoculation. These tumors afford, therefore, 
good material for experimental observations. The effects of the rays on 
these growths have been investigated by Apolant, Bashford, Murray and 
Cramer, Chambers and Russ, von Wassermann, Wedd and Russ, Wood 
and Prime and many others. It is possible to refer here to only a few of 
these experiments. 

Apolant, who was one of the earliest investigators, found that radium 
applied to certain types of mice carcinoma "in vivo,'* i.e., in the body of 
the animal, caused the tumor to disappear in most cases and to diminish 
in size in others. As the result of histologic investigations, Apolant 
attributed the destruction of the tumor to the direct action of the rays 
on the cells. The connective tissue proliferation noted in the tumor was 
regarded as a secondary process. 

Bashford, Murray and Cramer, in their experiments with Jensens 
mouse tumor, observed disappearance of the growths after radiations 
but did not detect any microscopic changes in the tumor cells. The 
marked connective tissue proliferation and frequent hemorrhages, noted 
by these authors, were regarded as tlie primary changes and the disap- 
pearance of the tumor colls was believed to be a secondary process. 

Wedd and Russ and Chambers and Russ showed that portions of mice 
tumors if excised and exposed *'in vitro,** i.e., outside the body of the 
animal, to a sufficient dose of radium rays could no longer be inoculated 
successfully into other animals. Smaller doses checked but did not pre- 
vent the growth of the inoculated tumor. They concluded therefore, that 
the change or changes set up in the tumor cells themselves were respon- 
sible for the failure of the inoculated tumors to grow. The beta rays 
seemed to have a more powerful inhibitory effect on the tumor growth 
than the gamma rays. 

Von Wassermann irradiated small pieces of mouse cancer "in vitro." 
In certain experiments the tumor retained its vitality w^hen inoculated 
but did not develop. From this he concluded that while the rays acted 
directlv on the tumor cells, thev did not actuallv kill the cells but rather 
impaired their proliferating power. In other words, the rays acted chiefly 
on the propagating function and to a less extent on the nutritive function 
of the cell. This observation gave rise to the hypothesis that the actual 
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death of the cancer cells was brought about either by the natural aging 
of the cells or by the cytolytic powers of the organism itself. This view 
has not been generally accepted, however, most observers believing that 
the action of the rays on the tumor cell itself and especially on its nucleus 
is responsible for its death. This topic will be referred to again in a sub- 
sequent section when dealing with the question of immunity. 

Wood and Prime have carried out a series of experiments to determine 
the action of the ravs on certain rat and mice tumors. These authors 
have stated quite exactly the experimental conditions under which they 
worked with reference to (a) the amount of radium element used and 
the kind of container, (b) the screens, (c) the distance of the radium 
from the tissues, and (d) the length of exposures. 

Tumor cells were exposed both outside and within the bodies of the 
animals to the action of the rays. Different types of tumors were used 
in the experiments. These included the Flexner-Jobling rat carcinoma, 
mouse carcinomata No. 11 and No. 180 of the Crocker Fund series and 
the Ehrlich spindle cell mouse sarcoma. 

In one series of experiments, tumor tissue was excised and exposed 
outside the body of the animal to the radiations from capillary glass 
tubes containing 100, 83 and 17 mg. of radium element, respectively. As 
only the thin glass wall of the radium tube intervened between the 
radium and the tissue, practically all of the beta rays in addition to the 
gamma rays were effective. As proved by subsequent inoculation, the 
time required to kill the tumor cells was 10 minutes for both 100 and 
for 83 mg., and 20 minutes for 17 mg. The great destructive power of 
the softer beta rays was thus well illustrated. 

In another series of experiments the tumor cells were also exposed 
outside of the body of the animal. The quantity of radium element 
contained in the glass tubes in the different experiments was 100, 83, 30, 
20, 17 and 10 mg. respectively. The screening was 0.4 mm. of brass 
plus 0.65 mm. of glass. As this screening absorbed the alpha and softer 
beta i^ays, the hard beta mixed w^ith gamma rays were effective. The 
distance was 1.05 mm. (0.4 + 0.65). The time required for a lethal dose 
for tumor cells under these conditions was 45 minutes with 100 mg., 60 
minutes with 83 mg., 90 minutes with 30 mg., 150 minutes with 20 mg., 
180 minutes with 17 mg., and 300 minutes with 10 mg. 

In still another series of experiments the conditions were the same as 
in the last experiment but in order to filter out the beta rays and employ 
as far as possible pure gamma rays the screening was increased to 1.2 
mm. of brass. In addition 5 mm. of filter paper were used between 
the tube and the tissues. This additional screening increased the dis- 
tance of the radium from the tissues to 6.9 mm. lender these conditions, 
100 mg. destroyed the tumor cells in 7 hours, 83 mg. in the same length 
of time, 30 mg. in 15 to 18 hours, 17 mg. in 20 hours and 10 mg. in 36 
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hours. Tn this Inst oxporimont it is si»en that the time required for beta 
rays 1o kill tinnor cells was ai)pr()xiniately fi to 8 times as longr as that 
rerpiired for beta rays when mixed with jramma rays as described in the 
previous experiment. From this observation the authors concluded that 
there was a lack of shar|)ness in the lethal action of the ^mma rays as 
compared with beta rays. It may be noted, however, that the distance 
of the radium from tlu* tissues was about (> times as jrreat when ^amma 
rays were used alone* as when beta rays mixed with pimma rays were 
employed. 

Tn still another series of exi)erim(»nts the authors used 83 mjr. screened 
with 0.4 mm. brass, employ injr hard beta and j?amma rays for 2 hours 
over a tumor *'in vivo.** Exposures lonjjrer than 2 liours were not given 
on account of the difficulty nf further prolonjration of the anesthetic. 
Upon subsequent inoculation into other animals, some slowino: of growth 
was noted as compared with the controls, but the irradiated cells, even 
directly under the tube, were not killed. This failure was attributed 
to the fact that **in vivo,*' there was a supply of fresh nutriment to the 
ooWs. Tn addition anv chemical ])ro(lucts formed bv the radium in the 
tissues were probably i)rom|)tly removed. Tissue directly under the 
radium tube, but 1.1 cm. away from it, grew, when inoculated into other 
animals, as well or perhaps better than the controls. As the beta rays 
are absorbed by I cm. of tissue, this experiment apparently showed that 
the iramma rays from H'] mjr. could not destroy crlls 'Mn vivo'' in 2 hours, 
although **in vitro'' such cells were destroyed in 1 hour. 

The following are among the couelusions nf tlu' authoi's. 

1. Tli(» hard beta rays, mixed with gamma rays, have* about 8 times 
the lethal effect of tin* pure gamma rays on malignant cells. Inasmuch, 
however, as the beta rays are absorbed by 1 cm. of tissue, iho gamma rays 
must be used for deep elTects. 

2. Sublethal ex|)osures slow the growth of tumor cells for a certain 
length of time while still slioi'ter treatments seem to stimulate the cellular 
activities. 

o. The dose of i-adium rays re(juired to desti-oy tumor cells **iu vivo" 
is irrc'ater than that necrssiirv to deslrov isolatecl cellular elements. 

This observation explains llie fnct that an exposure capable of destroy- 
inir i\ siiiiill nietaslalic carcinoma nodnle in man is «(iiile inclTeclivc in 
till' r;is(' ct' ;i \\«'II \;iscnl;iri/t'(l pi-iiii;iry c;i I'ci ii(»ni.i. 

EFFECT OF THE RAYS ON HUMAN CARCINOMA 

The I'linii-iil |);irl nf .»m' \\Mii< «I«',iK rull\ wilh ihi^ i.»j»i.'. li will be 
of int«'i'c«st. liM\\r\ci-. t(» nienlinii hi-re ;i I'rw e.\ pci-iiiieni > which hn\e 
bei'ii iii.uli' 1(» (jetcriiiine tin- (J'.sc (it* r;njiimi r.'M-- ih'ccnn.i ix lo tloU'oN" 
hiiniaii c.ircjnoni.'i. 

I''. < '. \\'""m1 \,;\^ iii.'hh' Niiiii'' inv ••-! iii.i Mnii>. wilh r''r.-|-.'ii.-r Im ih.- dTi'ct 
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Miys on metastatic skin nodules in cancer of the female 

•es of 6 to 8 hours with 83 to 100 mg. of 
■* BRIATUM 1.2 mm. of brass and 5 mm. of filter paper, 

m^fSfe Liil void li fim Km Aoald Mid 'rmanent disappearance of the nodules. 
iMiMaclkiti. le pate of growth of the tumor cells but 

exposures or smaller quantities of radium 
hmi a stimulating effect on the cells. Dr. Henry Schmitz has also carried 
out a series of experiments to determine the effect of gamma rays in 
connection with recurrent breast cancers in the human body. He applied 
to carcinomatous nodules 50 mg. radium element, screened with 1.2 mm. 
of brass and placed at a distance of 1 cm. for periods varying from 4 to 
13 or more hours. The distance of the nodules from the skin surface 
was carefully noted. After 10 days, various nodules were removed for 
microscopic examination. He concluded that carcinoma tissue within 
a distance of 1 cm. was destroyed by the gamma rays fi'om 50 mg. of 
radium element after an application of about 12 hours, i.e., 600 milligram 
hours. The experiments of Kroenig and Friedrich, referred to in a sub- 
sequent chapter in which breast carcinoma was found to be about 1.15 
times more susceptible to x-rays than the middle epidermal layer, are 
also of great interest. 

• 

Histologic Changes in Irradiated Malignant Tumors 

We may now direct attention to the histologic changes that have been 
observed in irradiated malignant tumors. We shall mention also some of 
the various interpretations of these changes. 

Extensive histologic observations have been made by Aschoff, Kronig 
and Gauss, Barcat, Bumm, Degrais and Bellot, Dominici, Ewing, Faure- 
Beaulieu, Morson, Rubens-Duval, Schmitz, Wickham and Degrais and 
many others. 

According to von Ilansemann and Schottlaender, nothing is to be seen 
histologically in irradiated tumor tissue that might not also be observed 
in rapidly growing and disintegrating nonirradiated tumors. Ewing, 
on the other hand, states that **the series of morphologic changes which 
take place after successful radium application is specific and that when 
these changes are present in undisturbed course it is possible to recognize 
tumor tissue treated by radium." 

According to Dominici and Rubens-Duval, radium rays act upon car- 
cinoma cells in two different ways. By one method, the cells are killed 
outright, without any histologic change occurring that can be detected. 
B\' another method, definite histologic changes occur and can be ob- 
served prior to the death of the cell. These changes consist of nuclear 
hypertrophy and budding; hypertrophy of the cell body; an increase in 
the number and size of the so-called **pseudoparasitic'* bodies. In the 
case of squamous-cell carcinoma, as of the lip, keratinization may ac- 
company the above changes. 
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These authors believe that while some of the cancer cells are destroyed 
by the rays, others simply have their powers of proliferation arrested. 
Other authors subsequently expressed the same belief. 

Bumm has reported a case of inoperable carcinoma of the uterus in 
which surgical operation was performed after intense radiation of the 
tumor. During the operation, carcinomatous nodules were observed 
outside of the operation field. Fifteen months afterward, however, the 
patient was in good health. Bumm suggested that these outlying cancer 
cells were damaged so that they could not proliferate although histo- 
logically the damage could not be detected. Subsequently, in a study of 
the morphologic appearance of cancer clinically cured by radium and 
x-rays, Levin and Joseph cited several cases in which clinical arrest of 
malignancy was apparently brought about by radium radiations, al- 
though no morphologic change in the tumor cells could be detected. 
These authors also suggested that the first effect of the rays probably was 
to inhibit the proliferating power of the cells. Cell degeneration and 
death thus occurred, not as the direct result of the action of the rays, but 
in the natural course of the life cycle of the cancer cell. 

The view that radiation may, so to speak, have a sterilizing effect on 
the cancer cells and inhibit their proliferating power without directly 
killing them receives some support from the investigations of von Was- 
sermann on mouse cancer. These experiments have already been re- 
ferred to. 

Ewing has given the following description of the histologic changes 
occurring in irradiated epidermoid carcinoma of the cervix. '* Within 
from three to five days after the application in the cervical canal of 
300 mc. of radium emanation in a platinum tube, there is hyperemia of 
the tissues, beginning exudation of the lymphocytes and polymorpho- 
nuclear leucocytes and swelling of all the cells. 

"In the second week, the cords of tumor cells present a characteristic 
appearance. The nuclei are swollen, homogeneous and hyperchromatic. 
The cell bodies are enlarged, the cells loosened, hydropic vacuoles appear 
in the cytoplasm and fusion giant cells form. 

*'In the third week, the number of cells is greatly reduced. Many ap- 
pear to suffer liquefaction necrosis. Others are invaded and mechani- 
cally broken up or compressed by lymphocytes and proliferating stroma. 

**From the fourth to the fifth weeks only pycnotic nuclear fragments or 
an occasional giant cell are visible or no traces whatever remain. Mean- 
time the stroma has been active and appears to take an active part in 
the process. Leucocytes become overabundant, the capillaries proliferate 
actively and the stroma is transformed into granulation tissue in which 
numerous new capillaries penetrate and excavate the tumor cell nests. 
The gathering of leucocytes, lymphocytes, plasma cells and polybla.sts 
in the later stages of radium reaction may be extremely profuse and in 
this respect the reaction is somewhat specific. 
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** Eventually the .«ite of the tumor is occupied by granulation tissue from 
which slight serous and cellular exudate is discharged. Later epithelium 
grows over the denuded surface, completing the repair. 

*'All manner of variations occur in the reaction of tumor tissue to 
radium. Complete simple necrosis follows over action of radium. Bulky 
tumors may present large areas of simple necrosis in which cysts form by 
liquefaction. The stroma as well as the tumor may be destroyed in which 
event extensive scarring will result. In the foregoing scheme of changes 
it would appear that just enough radium had been employed to cause 
slow degeneration of tumor cells and stimulate regenerative growth of 
granulation tissue.*' 

Morson imbedded radium, contained in a platinum tube, in the sub- 
stance of carcinomata, allowing the tube to remain for periods of from 15 
to 24 hours. The thickness of the wall of the tube was such that only 
the gamma rays were effective. Sections of the irradiated growths were 
examined at various intervals after the exposure. In some cases, his- 
tologic changes, consisting of nuclear irregularity and fragmentation, 
could be detected in the cancer cells, especially in those adjacent to the 
tube, as early as 15 hours after the commencement of the exposure. In 
certain cases, 48 hours from the commencement of the exposure, sections 
show-ed cancer cells in different stages of degeneration lying in a disor- 
ganized mass of tissue. In many cases, 14 days after the exposure, there 
were no evidences of carcinoma cells. In other cases, however, carcinoma 
cells could still be detected at the end of 2 months. These cells, never- 
theless, showed degenerative changes, such as enlarged nuclear and 
vacuolated cytoplasm, while they were encircled by dense connective 
tissue. 

Gudzent says: "In the histologic changes due to the radiations, we 
must place in the foreground the injury and destruction of the nucleus 
of the carcinoma-cells. According to the investigations of Grasnick on 
embryonal ti.ssue, we must assume that in the nuclei which are under- 
going mitotic changes the effect takes place immediately after the radia- 
tion and without any latency. These injuries are not disclosed however 
until a latent period of several days has elapsed. In the completed 
stage, all signs of the disintegration of the nuclei can be observed, such 
as decrease of the staining power, swelling with vacuol-formation, and 
shrinking and dissolution. The injury to the nuclei undoubtedly causes 
the death of the cells. To what extent the cell plasma is injured, is not 
as yet known, but one can observe that the cells decrease in numbers 
and finally disappear. In addition to these primary changes, others mani- 
fest themselves which are of far-reaching importance in the curative 
process. Very soon after the first injury to the nucleus and the cell 
makes its appearance, extensive proliferation of the connective tissue 
sets in. One observes the young connective tissue permeating the swell- 
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iiig in all directions. This connective tissue breaks open the cell com- 
plexes of the parenchyma, encircles single complexes, pressing them to- 
ffctlier and stranp:lin<r them. Sometimes cells with several nnolei are 
formed. Klein and Duerk have called these 'conglutinal giant cells. ' 
These exhi])it a lessened power of growth and diminished vitality. One 
is led to infer that the connective tissue is actively combating the car- 
cinoma cell, limiting and even destroying its vital processes. In a later 
stage, the connective tissue shows signs of maturity; the number of 
cells is diminished, while the connective tissue fibers coalesce and become 
sclerotic. The cause of the new formation of connective tissue may be 
found in the eflPect of the radiation. AVe must assume, then, that tbe 
same amount of radiation which causes the disintegration of the cells, 
has a stimulating eflPect on the connective tissue cells. This assumption 
is very hard to bring into harmony with the researches of Root. This 
author found the fixed connective tissue cells very radiosensitive. To 
regard the new formation of connective tissue as a reaction which serves 
as an intermediate substance for interstitial spaces cannot be accepted 
for the reason that it proliferates very early and in its later stages 
es])ecially shows various signs of the influence of the radiation. In all 
])rol)ability both assumed causes play some part in this, but this must be 
cleared up through future research. 

*'In connection with this connective tissue proliferation, the injury 
and destruction of the blood capillaries, whose radiosensibility is well 
known, must be considered. Thus the lu^morrhages occurring soon after 
radiation are explained. It seems to be clear that the interruption of 
the l)l(>od supi)ly causes scv(M*e injury to the carcinoma cells. In the 
later stages, proliferation and new formation of capillaries set in. These 
accompany esjx'cially the newly i'ornicd connective tissue bundles. Between 
the cell buTidles of the parenchyma and those of the supporting tissue, cells 
of hematogenous oi-igin, leucocytes, lymphocytes and so-called leuco- 
cytoidcs, can be observed, at a certain staire. According to Klein and 
Duerk. the fragmentary nucleated buicocytes especially seem to have 
the iiiii>ortant i-ole of removintr the cell ])articles which have been de- 
stroyf'd. It cnn be seen that tlies** cells, like pliagocytes. cling to the 
p]'(»tnpl<isniic liodies which are nior'e oi- less isnhited from their epithelial 
«'ell coniplex*'^, and pr;ict ic'illy triiiiw olT t'l'ji^niients lirre nnd th(M*e, so 
tJKit ;i rniu';i\<' shiijH-d loss dl* >iil>>t ;i n«'r c'lii 1k' iioiicrjl. Sninctlnies single 

• 'pil Ih'IIjiI crlU .'ll'r dfiixrly ('(.NCM'd l»y tliCNt* pll.l 'jtH-N t j'n. wjiicli imdoubt- 
('«II\- ;ii-«' li.-i?-t| .-It Work <';iiisiiiu th«'ii" I't'duci i(,ii ;nhl <li-«s(»jiit ioii. This 
pllMlidcyt ic pl'M(M'>> In t.. l»i' l'«'Ll<il'i|«'«| ;i> s«M'i)||(i;i ?'y .'ind pl'i)\okt'(] hy tli(» 

<iiN>(diii inn (»r till' r.nl i;it «'jj (tIIn. 

"If lli«' tlc-^t riH't i(»ii of nil cinj'inf^ni.'itiHiN (•••ll> h;i> I n ;inMinc(], the 

• •iiiin.M't i\ f ti^^ih- i'i»niple1 rl y lilU iij) ihr int t-pNi it i;il spaces. In due 
liiiH* it iiial nr<'>. Ih'ivimiiiili pimr in rrlU and ?ii<»rr sch'i'otic llian the (-(^n- 
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nective tissue which fills up interstitial spaces caused by other con- 
ditions.'' 

Dominici has given the following description of the histologic changes 
occurring after radium treatment in a very vascular myeloid sarcoma. 
From the commencement of the treatment to the complete disappearance 
of the growth there elapsed a period of a little over 4 months. It is 
noteworthy that Dominici inferred from his studies that not merely were 
the malignant cells destroyed by the action of the rays and replaced by 
fibrous tissue, but a peculiar evolutionary process was set up in the sar- 
coma cells them.selves, so that they became, at least in part, converted 
into cells indistinguishable from normal connective tissue. The nuclei 
of the sarcoma cells became more spindle shapeci. Atrophic changes 
could also be made out. The protoplasm of the giant and sarcoma cells 
became replaced by connective tissue fibers which Dominici believed 
arose from the alteration of the protoplasm itself. Adjacent to the 
nuclei, however, a portion of the protoplasm remained intact. This 
unaltered protoplasm formed, with the nuclei, typical connective tissue 
cells. The processes just described occurred throughout the growth. 
The lumen of the blood vessels became smaller so that they appeared 
like capillaries lying in the midst of fibrous tissue. It seemed that the 
malignant sarcoma cells were transformed into fibrous cells. The 
fibroma-like structure remained stationary or became smaller, showing 
no tendency to increase as in ordinary fibromata. The arrangement of 
the connective tissue fibers was remarkably regular. 

THE METHOD OF ACTION OF RADIUM RATS ON MALIGNANT 

CELLS 

While there has been much speculation as to the mechanism of the 
action of radium rays on malignant cells, little is definitely known. The 
changes to be observed histologically do not differ from those already 
described as occurring in normal cells. The same theories of the action 
of the rays which have been referred to in the previous chapter have 
also been advanced to explain the morphologic and functional change in 
malignant cells. As yet, however, no explanation has been made that 
is entirely satisfying and indeed none is likely to be made until our 
knowledge of intracellular metabolism is complete. 

According to Ewing ''it is a reasonable assumption that the gamma 
rays while traversing the tissues give rise to secondary beta rays, elec- 
trons, which act on the cells. That the action is electrical, accelerating 
cell ferments, ionizing gases, altering lipoid emulsions, etc., may be 
conceived but is not demonstrated. These questions may well serve to 
stimulate and aid in the study of the physics, chemistry, and finer mor- 
phology of the cell. 
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** Interpreted from the pathologic standpoint, the observed chanf^es in 
cell morpholojry indicate an action directly on the tumor cell and es- 
pecially on its nuclear meclianism, with profound and progressive chem- 
ical changes in the nuclear proteins, attended by the formation of acid 
products and by the absorption of material, probably water. The ap- 
pearance of the cell cytoplasm suggests hydrolytic cleavage of cell pro- 
teins and these seem to excite leucocytic emigration. 

**The growth of capillaries may be explained as a regenerative process 
following a loss of tissue c(iuilibrium, or it may involve a direct stimu- 
lating action of the radium on endothelium and fibroblasts. In any event 
the process is very complex and in many cases there are strong hints 
at a restoration of normal resistance of the connective tissue against 
lawlessly proliferating tumor cells.'* 

Summing up the various findings and interpretations, the available 
evidence merely suggests the probability that some kind of an intra- 
cellular and especially an intranuclear chemical change is produced by 
the action of radium rays on malignant cells. The exact nature of this 
change still remsiins a secret. The nucleus of the cell is injured first 
and this injury is attended by the loss of the power of mitosis. As a 
rule malignant cells are much more susceptible to irradiations than the 
cells of most normal tissues. This peculiar sensitiveness forms the 
foundation of radium therapy in malignancy. 

THE QUESTION OF STIMULATION OF TUMOR GROWTH BT 

INSUFFICIENT RADIATION 

According to some authors, radiations that fail to kill tlie tumor cells 
may even stimulate their activity and cause increased tumor growth. 
This is a problem of the great(»st imj)ortance and one about which there 
is much dilTerence of opinion. Wood and Prime thought that certain 
mouse tumors treated with radium and then inoculated into other animals 
grew more rapidly than the controls. Ewing remarks, however, that 
**tlH'ir results were (juite iiK'onstanl, and the extirpation of the exposed 
cells removed tliem from tli(» attack of lymphocytes and granulation 
tissu<', wliifh are the main aircnts of tumor destruction set to work in 
the curative ])roccss excited by r-adium." 

Ket'ei-ence iiijiy also he niihle 1(» the experinienls of llastinirs, !Mac- 
('or'Mine and Wnodniiiii. TIu-nj' iinth(»rs rxptjsed caneeiNJUs .skin nodules, 
s('(M»n(l.n"\" to iiuinmijirv ear«'ini>Mi;i, to tlir I'adijit ions from pitchblende. 
This niin«MMl contains se\riMl iwHJiojict i\<' l)o<Ii<'s. hut tlie r«nliations 
from a ^i\cn ([uantity iii'c at irji^t a million tiiin's weaker than thos(» 
from the same (juantity of i-adium. < hie mi;::lit infer, t hcrcfoi'e, that 
malignant erjls would probaMy hr si imulatt'd hy exposui'c to piielil>le]nl(» 
ray.s on the as^iniiption of ina(h'tpia1»' dosai:*'. Tin' tr^'ated carcinomatous 
skin no<Jnl«'S, li«»wever. sjiowrd no rj-coj/ni/ahh* clinical dit'frrences froin 
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the untreated nodules after the lapse of several months. Histologically 
the treated nodules disclosed evidences of the effect of even these weak 
radiations. Nuclear changes in the cancer cells occurred, the principal 
change observed consisting of the partial disappearance of chromatin 
which was at the same time condensed about the nuclear membrane. 
In addition, delicate connective tissue fibrils appeared between the cancer 
cells so that they became separated into small aggregations. 

We may refer also to the studies of A. and 0. Ilertwig. These authors 
have shown that mitosis of cells is inhibited by radiations of even the 
weakest intensity. 

Prom the clinical side, many observers, including the writer, have 
not been able to convince themselves of an actual stimulation of tumor 
growth by radium rays. One may doubt if such stimulation occurs under 
the modern method of very large primary doses. If it could be shown 
conclusively to occur it would constitute one of the many limitations 
of radium treatment to be guarded against as far as possible by power- 
ful radiations directed especially toward the periphery of tumors. One 
should not forget, however, that very massive treatments with heavily 
screened radium may even defeat their own object by causing such 
extensive injury to normal tissues as to result in serious harm to the 
patient. This fact tends to limit the usefulness of radium in the treat- 
ment of very extensive and deeply situated cancerous masses. 

The Problem of Immunity 

It would be beyond the scope of this work to consider in detail 
the complex problem of immunity to malignant tumors. Tyzzer has 
recently published a resume of the subject and the reader may be 
referred to his monograph. Additional references will also be found 
in the bibliography. A few experiments that bear on the production 
of immunity bv radiations with radium mav be referred to. Contamin 
was apparently the first to show that if cancer cells were irradiated 
for a short time with radium or x-rays and were subsequently 
inoculated into mice a degree of immunity was produced. lie also ob- 
served that an excessive exposure to x-rays destroyed the immunity 
conferring power of the cells. Wedd, Morson and Russ confirmed the 
general trend of these observations. These authors irradiated **iii vitro*' 
tissues from the Twort tumor (adenocarcinoma) with a measured dose 
of beta rays. The radiation was sufficient to prevent the formation of 
growing tumors when the radiated tissue was reinoculated into mice 
although the tissue, after persisting for several days, w^as absorbed. 
Some days later the animals were inoculated with the usual strain of 
tumor tissue which had not been irradiated. As the second graft of 
tissue did not develop, an immune condition of the animal was inferred. 
By gradually increasing the length of exposure, it was found that a 
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point was reached at which the irradiated tissue when inoculated no 
longer conferred immunity. These authors also found that if normal 
and radiated tumor cells were inoculated simultaneously no immunity 
was produced. In commenting on these experiments, Colwell and Russ, 
while recognizing that no generalization can be made on account of the 
limited number of the experiments, state that ''excessive irradiation of 
a tumor may therefore very easily abolish any immunity that the ab- 
sorption of irradiated cells may be capable of giving rise to. It would 
appear that the best condition for producing immunity is for the cells 
to receive an exposure that will insure their gradual degeneration and 
disappearance.'' 

It has been asserted by some clinicians that the irradiation of a tumor 
such as a breast cancer may cause not only the irradiated tumor but 
also distant metastases such as axillary nodules to shrink. 

In order to explain this alleged eflPect, the hypothesis has been ad- 
vanced that substances are set free from the irradiated growth which 
act on the secondary deposits of the tumor. Rohdenburg and Bullock 
have shown however that an established transplanted tumor, i.e., one 
that has excited a stroma reaction and obtained a blood supply, is not 
susceptible, even though radiumized, to immunity reactions. They have 
pointed out that it is much less likely, therefore, that an unradiumized 
tumor is in any way sensitive to the immunity process. It is probable, 
therefore, as these authors state, that the disappearance of tumors — if 
they really do disappear — situated at a distance from the radiated growth 
is due to some other process than the influence of substances set free by 
radiation. If the shrinkage of such tumors really occurs, it may be due 
to the disappearance of inflammatory edema in the nodules and the 
destruction of lymphoid elements which are very sensitive to radiation. 

The writer would take sides with those who doubt the probability of 
any efl'ect of radiation on tumor deposits outside of the field of radiation. 
So far as our observation goes, radiumization of a tumor has no effect 
whatever on metastatic deposits in other parts of the body. 

Rohdenburg and Bullock have also pointed out that the problem of 
immunization and cure of animal tumors on the one hand and of human 
tumors on the other is a very different one and that the results so far 
achieved in developing immunity in animals cannot be transferred to 
man. 

In man, the problem is to cure or produce immunity against a spon- 
taneous tumor. 

In animals, immunity has only been produced against transplanted 
tumors. According to these authors, an animal cannot be immunized 
against its own tumor. 

The following observations of Murphy and Norton bear on the problem 
of the nature of the immunity process. While the experiments of these 
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authors have evoked great interest, it must be said that they have not 
been completely confirmed. Sittenfield *s experiments, e.g., do not sup- 
port their conclusions as to the importance of the lymphocyte in the 
defensive mechanism of the organism. 

Murphy and Norton, in their investigations of the effect of x-rays on 
the resistance to cancer in mice, have apparently shown that the resistance 
to heteroplastic tissue depends on the activity of the lymphocytes. The 
chick embryo normally lacks the ability to destroy a heteroplastic tissue 
graft. If a small amount of lymphoid tissue from an adult is supplied, 
it becomes as resistant as the adult. On the other hand, if an adult 
animal has the main part of its lymphoid system destroyed by repeated 
x-ray radiations, it loses the power of destroying a graft of heteroplastic 
tissue. Histologically, the main characteristic of a failing heteroplastic 
graft is a marked local accumulation of lymphocytes. The same his- 
tologic picture is seen in a failing cancer graft in an immune animal of 
the same species. Simultaneously with the production of the cancer im- 
munity and while the lymphocytes are accumulating around the cancer 
graft, a lymphocytic crisis occurs in the circulating blood. This crisis is 
lacking in animals susceptible to the cancer graft. It has been noted 
that while repeated small doses of x-rays w^ill destroy the lymphoid ele- 
ments of an animal, one small dose will stimulate it and cause a lympho- 
cytosis. Bearing in mind these facts, which had previously been demon- 
strated, the authors studied the relation of the resistance of mice to their 
own spontaneous tumors. Among their experiments, all of which w^ere 
carried out with suitable controls, were the following: The cancer was 
removed by operation from the animal. The animal was then given a 
stimulating dose of x-rays. Immediately afterward, a graft of the 
original tumor was placed in the groin of the animal. In a series of 52 
animals so treated, 50 per cent w^ere rendered immune to their own 
cancer and in the other 50 per cent the return of the disease at the opera- 
tion site was greatly retarded. The authors suggest that if one dose of 
x-rays causes this effect, a more pronounced effect might be caused by a 
second stimulating dose at a subsequent time. 

The foregoing experiments have a special interest in connection w-ith 
the frequent clinical observation that malignant tumors in humans re- 
spond differently to radiation, some being easily affected wiiile others, 
of apparently the same type, are much more resistant. It may be pos- 
sible that the different response of similar tumors to radiations depends 
to some extent upon the systemic defensive powers of the organism. It 
would appear from these experiments that while the radiosensibility 
of the tumor cells is probably the chief factor, the lymphocytic system 
is also of some importance in connection with the disappearance of 
malignant growths under the influence of the radiations. An important 
practical lesson may be drawn from these experiments. In cases de- 
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manding powerful radiations, frequent observations of the leucocytes 
should be made. A marked reduction in the number of leucocytes is a 
signal for caution in proceeding with further treatments until the leu- 
cocyte count is improved. When the spleen, lymphatic glands and bone 
marrow, which arc especially radiosensitive, are likely to receive heavy 
doses either intentionally or incidentally in the course of the treatment, 
it is particularly necessary to proceed with care. 



CHAPTER XI 

THE RADIUM REACTION 

Broadly speaking, all of the biologic effects of radioactive substances 
when applied externally or introduced into the organism are due to the 
radiations and are manifested by various disturbances which may be 
termed reactions. 

In this chapter we shall consider only the biologic effect, i.e., the re- 
action due either to (1) surface radiations or to (2) the introduction of 
radioactive material into tumors. The effects of radioactive material 
administered by mouth or introduced intravenously or subcutaneously 
will be discussed in the chapter on radium in internal medicine. 

1. SURFACE RADIATIONS 

These are radiations that are used on the surface of the skin. They 
may produce (a) a constitutional reaction or (b) a local reaction. 

(a) Constitutional Reaction Due to Surface Radiations 

In patients who have received relatively large doses such as may 
be delivered by 250 milligrams of heavily screened radium applied for 
fifteen hours or more, nausea and vomiting, a feeling of depression 
and even prostration may occur toward the end of the treatment or 
after the radium is removed. A metallic taste is often complained of. 
These symptoms usually pass off within twenty-four hours. In some 
instances they may last for weeks. Elevation of temperature during or 
subsequent to such an exposure is unusual in our experience although 
this phenomenon has been described by some authors. In using less 
intense doses of surface radiations such as may be given for a small epi- 
thelioma of the skin, no constitutional effects are ordinarily observed. 

(b) Local Reaction Due to Surface Radiations 

Wickham and Degrais were the first to point out that important modi- 
fications of vital tissue such as resolution of a tumor may be caused by 
the surface application of the rays without the supervention of visible 
inflammation. Hence, thev called this action of the ravs a ''selective 
action." Later this term was used to indicate that the rays affect cer- 
tain types of cells in a ''selective manner'' regardless of the presence or 
absence of macroscopic inflammation. Inasmuch as all vital tissue may 
be affected to some extent, the term "differential action*' has been pro- 
posed by other authors to indicate the fact that the rays affect some tissues 
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more markedly than others. Colvvell and Russ have suggested that the 
thing irradiated is of as much importance as the rays and have proposed 
the term ''selective absorption.*' This term implies that certain tissues 
absorb more rays than others. Hence ''the more the rays are absorbed 
the more the tissues are affected." 

It is difficult to express in a sinjjle term both the complex action of 
the rays and the response of the tissues. 

It would appear that the rays have a "selective" or "differential" 
action on vital tissue. This expression means that the rays affect cer- 
tain normal tissues such as the spleen and lymphatic glands more 
readily than others such as connective and elastic tissue. The rays 
also affect certain tumors such as lymphosarcomata much more readily 
than some other types of new growth, such as squamous cell epithelioma. 

This "selective action" of the rays makes possible radium therapy in 
malignancy for experience has shown that many types of malignant 
tissue are more readily affected than most normal tissues. 

On the other hand, the response of the tissues to the action of the rays 
may perhaps best be indicated by the terms "selective reaction" and 
"inflammatorv reaction." 

By "selective reaction" it is meant that under the influence of radium 
rays abnormal tissues may undergo a retrograde metamorphosis without 
visible inflammatory changes. This reaction is illu.strated by the re- 
sponse to radiation of certain epitheliomata, keloids and angiomata which 
may sometimes retrogress and disappear without visible inflammation. 

By the term, "inflammatory reaction" we designate the ordinary 
changes characteristic of inflammation which may easily be produced by 
radium. Inflammatory reaction usually appears between the seventh and 
fifteenth day, but it may appear as early as two or three days after ex- 
posure, and in some cases it may be delayed for as long a period as 
four weeks. 

For convenience, four degrees of "inflammatory reaction" may be dis- 
tinguished, although these degrees or stages of reaction pass insensibly 
into each other. These are, first — simple erythema; second — erythema 
followed by desquamation; third — vesication or superficial ulceration; 
fourth — deep ulceration. 

We may now describe the clinical effects of radium rays upon the skin 
and mucous membranes when doses sufficiently intense to produce in- 
flammation with superficial destruction are used. 

After the application of radium to the healthy or noninflamed patho- 
logic skin, there is a latent period during which no apparent effect is 
seen. The duration of the latent period depends upon the amount of 
radium used, i.e., upon the intensity of the rays; the type of rays, i.e., 
w-hether beta or gamma rays. preponderate; and to some extent upon the 
sensitiveness of the tissues. If a one-fourth strength glazed applicator 
containing about 20 mg. of radium element is applied unscreened directly 
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to the skin for one or two hours, the latent period is very short — some- 
times not over twelve to thirty-six hours. The beta rays form about 90 
per cent and the gamma rays about 10 per cent of the total radiation from 
the apparatus used in this manner. If the same apparatus is screened 
with 2 mm. of lead so that only the hard gamma rays are effective and is 
applied at a distance of 1 cm. for thirty hours the latent period may last 
for from seven to fifteen days. Speaking very generally, the larger 
the quantity of radium and the more the beta rays preponderate, the 
shorter the latent period is found to be. The first evidences of the in- 
flammatory reaction are slight redness and swelling of the skin which 
itches and becomes tender. A crust of yello^vish or greenish gray aspect 
then gradually forms. Vesicles or bullae may occasionally precede the 
formation of the crust. The tissues underneath the crust may be dry 
or moist depending on the degree of the reaction. The crust may last 
for days or weeks, sometimes falling off or being accidentally knocked 
off but usually reforming several times before healing occurs. The gen- 
eral appearance of a w^ell-developed crust has been compared to that 
of impetigo contagiosa. If the crust has rested on an ulcerated and sup- 
purating base it becomes more and more dry as the inflammation sub- 
sides. Frequently the different layers of crust become superimposed so 
that a mass of dried detritus, several millimeters thick and of charac- 
teristic ''oyster shell*' appearance results. Finally the crust may be 
detached *'en masse*' leaving a smooth, supple, white and hairless sur- 
face. The duration of inflammatory reaction may vary within the widest 
limits. Reactions of the first and second degree may apparently subside 
in from one to four weeks. A moderately severe reaction of the third 
degree requires a period of from six to eight weeks for complete recovery. 
If a severe reaction of the fourth degree has been produced, six or eight 
months or even a longer time may elapse before healing occurs. In 
some cases, if the reaction has been of considerable severity, attacks of 
dermatitis (so-called secondary or deferred reactions) may occur at 
intervals for several years, even after complete healing has apparently 
taken place. 

Fortunately a tendency to the development of epithelioma on the scar 
tis.sue resulting from severe radium reactions has not been observed. 
Telangiectasia frequently supervenes on the radium scar in the course 
of eight or ten months after healing has occurred. 

In the treatment of inflammatory skin reactions the writer has found 
the following application of some benefit in relieving the subjective 
symptoms: Zinci oxidi, 5; bismuthi subnitratis, 5; adipis lanae hyd., 12; 
ol. olivae, 60; aq. calcis, 60. Irritating applications should be avoided. In 
fact, in many cases it is best to make no local applications, but to expose 
the inflamed area to the air and allow nothing, not even gauze dressing, 
to come in contact with it. 
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\V\i^i^^* ^^^'^"^ ^^ applied to the mucous membrane in sufficient doses 

„,^«t>^*^*'^'^^*^ i« produced at the end of the latent period not unlike 
an ix\^ 111 . 

, |. ^^^vii^^^ by the application of nitrate of silver. The irradiated area 

\eco«^**^ «^ first white and later yellowish white. At the height of a 
reaetio*^ of moderate dejrree, a more or less dense, yellowish white, ad- 
herent membrane covers the treated area, which is surrounded by a 
narro^^' I'^'d zone of inflammation. This membrane gradually becomes 
^,^f(^]iiitcd and is replaced by epithelium which grows in from the edges. 
A sni<>*^*^^ *^"^^ supple scar is usually left which is whiter than the normal 
niucoii"^ membrane. Some months later, telangiectasia may occur. 

c:;^>eoii<lary or deferred reactions have not received the attention that 

their importance warrants. They may appear several months or even 

several years after the primary reaction has healed. They usually come 

on suddenly, i.e., they develop (juite fully in the course of a few days. 

Til some cases of epithelioma of the mucous membranes it may he difficult 

to determine whether a deferred reaction or a recurrence of the growth 

is present. The mucous membrane, if affected by a secondary reaction, 

becomes grayish white and in a few days is covered with an adherent 

membrane. A ccmditicm practically identical with that observed during 

the primary reaction develops. Secondary reactions may persist for 

-weeks or months.' Sooner or later, however, healing occurs in almost all 

cases. 

Tn a patient with a pelvic periosteal sarcoma that was treated with 
very large doses, a s(»v(M'e primary reaction of the skin of the abdomen 
developed which p(»rsisted for nearly eight months. Two years later, 
upon the site of the former area of reaction, a secondary reaction de- 
veloped spontaneously. This reaction which took the form of a super- 
ficial ulceration accompanied by the formation of a pultaceous adherent 
mass of necrotic tissue, lUMpiired three months for healing. 

Tn the therapeutic application of radium, severe reactions should be 
avoi(h*d when possible*. In the treatmeMit of certain dermatological con- 
ditions, however, <*onservative use mav be made of the destructive action 
of radium. In producing reactions intentionally for cosmetic purposes, 
we always employ tlie «»laze(l ])la(|ues. In tissues that have been sub- 
jected to pi'cvious tf'ratfiient such ns l)y x-rays, cauterization, etc., a radium 
rr.-H'tion is likely t(» br atypical jmd licnliii^- may be (leferred \\)V months. 
Sueli tissues sli(»ul(l br lreate(l with the <:reatesl ('autiou and not more 
than niie fourth of the UJU'Mial (b)sc slu)ul(l be j^iveii. 

Ar<'ii^ that havr beru treated with radium mav be sensitive to tern- 
pri'atuiT eliaiiiit's hmi: aftei* healiuL'" has occuired. Many patients com- 
plain aNo <»r a i>eeuliai' seii>ati<»ri as if ants wei'c erawliujj: on the skin. 
All of tliesr s\mptoms usually disapix-ai* iu the eour>e of a few months 
hut th<'v mav in rxe^ptioual instances last foi* \ cars. 
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2. INTRATUMORAL RADIATION 

Local Reaction Due to Intratumoral Radiations 

In certain cases, as we shall describe in a subsequent chapter, radium 
salts or radium emanation may be introduced directly into the substance 
of tumors — ''intratumoral radiation/' Under these circumstances the 
radioactive material is usually enclosed in metal or glass containers — 
i.e., needles or ampoules. The chanp:es in the tissues caused by the in- 
sertion of minute glass emanation ampoules have been investigated by 
Halsey J. Bagg. A resume of some of the results of these studies may 
be conveniently given at this point. 

A series of emanation ampoules or tubes was buried in normal rat 
tissue of different kinds — skin, muscle, brain, testes, etc. Another series 
of tubes was buried in the Flexner-Jobling rat carcinoma. Still another 
series of tubes was imbedded in human carcinoma. Suitable control 
experiments, undertaken to prove that the glass itself was not responsible 
for the effects, were made by imbedding nonactive emanation tubes in 
living tissue. Among the conclusions arrived at by Bagg were the follow- 
ing: In rat carcinoma, definite histologic changes were noted two days 
after the tubes were buried. Definite radium effects, such as complete 
necrosis around the tubes and changes in the adjacent outlying cells, 
were noted seven days after the tubes were inserted. Cgmplete recovery 
in the case of a transplanted rat carcinoma two cm. in diameter was 
noted, about fortv-two davs after the insertion of three tubes contain- 
ing 3 mc. each, placed 1 cm. apart and about 5 mm. below the surface. 

Lethal effects on normal tumor cells were produced by relatively small 
doses of emanation, less than one mc. per tube being a satisfactory dose. 

An area of tissue about one cm. in diameter was effectively radiated 
by each tube. 

Histologically, the main effect was the production of an area of necrosis 
which was surrounded by a pronounced leucocytic infiltration. The area 
of effectively radiated tissue did not increase in direct proportion to 
the amount of emanation in the tube. When relatively strong tubes 
were used, the tissues in close proximity were radiated for a longer time 
than was necessary to produce lethal effects in these cells. The rays 
did not penetrate effectively, however, to a much greater distance than 
the 1 cm. zone, probably because the easily absorbable beta rays were 
responsible for the main effects. While the gamma ray effects from 
relatively strong tubes are undoubtedly greater than those from the 
weaker tubes, it was diflBcult to determine this point because of the 
prompt reduction in size of the treated tumors. Bagg suggests that 
human tumor tissue may be treated most effectively by imbedding tubes 
of 0.5 mc. strength 1 cm. apart evenly throughout the mass. 
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Biologic Hjrpersensitiveness 

There is little doubt that some individuals are more sensitive to radia- 
tions than others. In certain individuals, prolonged exposures with a 
considerable quantity of heavily screened radium will cause marked 
constitutional eflfects such as nausea and depression. In others, a similar 
exposure produces little or no constitutional effect. Certain types of 
skin are apparently quite radiosensitive and may react severely to an 
exposure that will cause little or no effect in other types. We recognize 
only a few of the conditions that render one skin more radiosensitive 
than another. Among these conditions are (1) a lack of the normal 
quantity of pigment indicated by the fair color of the skin; (2) absence 
of the normal seborrheic oiliness. These factors seem to render the 
skin more radiosensitive. Certain parts of the integument in the same 
individual are also more radiosensitive than others. In general, the 
mucous membrane is more sensitive than the integument. Marked idio- 
syncrasies, however, are relatively rare but should always be thought of 
in the beginning of a course of radiations. 



CHAPTER XII 

THERAPEUTIC APPARATUS 
In the treatment of disease, radium may be applied in the form of 
(a) radium salts, (b) radium emanation, or (e) active deposit. 
The therapeutic effects of radiations from apparatus contaiuing 
radium salts, radium emanation, or active deposit are identical. 

A. APPARATUS CONTAININa BADIUM SALTS 

Radium salts may be placed for therapeutic use in (1) tubes, (2) 
needles,- (3) flat plates or plaques. 

1. Badium Tabes. — Radium tubes are made of capillary glass and are 
filled usually with from 5 to 50 mg. of radium element in the form of 
sulphate. This ia closely packed so that the salt does not move about in 
the tube. The length of the tubes varies from 1 to 2 cm. and the diameter 
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from 1.5 to 3 millimeters. For convenience and safety in handling, the 
capillary glass tubes are usually inserted into silver tubes, just large 
enough to contain them. The silver tube may have a small screw cap to 
retain the glass tube and may be hermcticall.v sealed. The wall thick- 
ness of the silver tube is usually 'jjo mm. but it may be of any desired 
thickness or the tube may be made of platinum or any other material. 

Over these tubes may be slipped screens of different thicknesses in 
order to filter out varying portions of the beta and gamma rays. 

2. Radiam Needles, instead of the ordinary tubes, may be used and 

introduced direstly into the tumor tissue. In this type of apparatus the 

radium sulphate is packed directly into a hollow needle which is fitted 

with a fine screw cap containing the eye of the needle. The cap is soldered . 

lOS 
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on SO that the radium may be completely protected. As much as 12, or 
more, mg. of radium element may be packed into a needle smaller than 
an ordinary round surgical needle. Needles are usually made of steel, plati- 
num or some strong noncorrosive alloy. The wall thickness of steel 
needles is usually Ym mm., the length 2.7 cm. and the outside diameter 
1.75 mm. While platinum is nearly 3 times as dense as steel, and a plati- 
num needle will furnish about 3 times as much metal screening as if 
steel of the same thickness were used, the softness of even "hard" 
iridioplatinum renders this metal less useful. Speaking verj' generally, 
steel needles having a wall thickness of i\o of a millimeter and con- 
taining 10 or 12 mg. of radium element should not be left in the tissues 
over eight to twelve hours. The total amount of radium element con- 
tained in the needles should not be over 50 or 60 mg. unless the physician 
has had the experience with the method and the cases are carefully 
selected. 

When radium emanation is available, its use is to be recommended 
instead of radium sulphate on account of certain mechanical advantages 
and the absence of the danger of losing the radium. As homogeneity 
of action on all the tumor cells is the ideal to be achieved, it is prefer- 
able to use several needles of weaker strength implanted in different 
parts of the growth rather than one powerful needle. 

3. Flat Plates, or Plaques, on Which the Radium Salt is Spread. — The 

plaques may be c(miposed of linen, rubber or metal. Flexible applicators 
that may be bent and thus adapted to the convexities and concavities of 
the skin surface may be made of the former two materials. Linen ap- 
plicators are known as 'Moiles/* The best type of metal applicator is 
made of silver, the radium salt being spread uniformly over a glazed 
surface which forms the face of the applicator. Lead free glass must 
be used. Plaques of this type are known as glazed radium applicators. 
These have practically replaced the older varnish applicators. The 
glazed surface applicators may be made of any desired shape but the 
surface must be Hat. Attention must be paid to the degree of concen- 
tration of ** spread radium'' as it is evident that difTerent effects are 
produced by variations of this factor. 

Kxprcss(Ml in trrnis of radium rl<»iiH'iit, wliicli is the comnioii standard 
in tills count ]-y, " full sti-eiiirtli," ** half streii^rtli" and 'Spiartcr strength" 
ai>plicat(>rs ('<»ntaiii. re>pcct ivrly. f).!)!) lllL^, 2..") mir., and l/JT) nig. of 
fiiilinni element to the scpnn'r ein. The sli'enntli of e;icli ;ii)|)lieator is 
;jhva> s appfoxiinnte. 

A eomrnit'nt tyi)e of iipplicatoi- is a scpiai*' pla<ine 2 \ *2 eni., and of 
^Mialf stren«it li." i.e., <'ontjiininL:- 10 umz. of radinin element. Other 
])la(pn's may !)«• sumllci* oi* iiir^ci*, i-onnd oi* o\;il, ninl coniain less. <ir more, 
I'adinin. Screens of ;inv desired l iiicl^ncsv; niav l»e |)I;i(mm1 o\cr the face 
of tlic phnpie jn^i ;is when tniuvs ;ir<' n^cd. Lead <•!' silver sei'eens ha\'ing 
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a thickness of Yio, %o and 1 mm. are convenient. Varied proportions of 
the beta rays may thus be filtered out in order to prevent, when thought 
advisable, too much action on the superficial layers of the skin. The 
plaques have the great advantage over the usual capillary glass tubes 
enclosed in silver of permitting a greater utilization of the beta rays. 
This is desirable in some types of angioma, epithelioma, etc. The plaques 
also emit a more uniform radiation on account of their plane surface. 
They are most useful in certain skin disorders, notably angiomata, in 
which the cosmetic result is important. The disadvantage of the plaques 
lies in their relatively large size which practically limits their use to 
the skin surface. 

When using plaques with metal screens, it is customary to place first 
over the face of the plaque the desired metal screen. Over the screen 
10 or 12 thicknesses of thin paper are then placed in order to absorb 
the secondary rays. In some cases one or more mm. of paper or other 
nonmetallic material may be used. The whole apparatus is then wrapped 
in rubber dam and applied to the lesion with adhesive tape, or a bandage. 

6. APPARATUS CONTAINING RADIUM EMANATION 

We have already said that both radium and radium emanation emit 
only alpha rays which do not escape from the tube containing them. The 
real source of the penetrating rays is the decay products, radium B and 
radium C, and especially the latter. 

When radium salts are confined in a tube the only function of radium 
itself and its next decay product, radium emanation, is to produce radium 
B and radium C as fast as these latter decay. It is evident then, that if 
we can separate the radium emanation from the solid radium and confine 
it in a glass tube, radium B and C will be produced by disintegration of 
the emanation and will themselves constitute the source of penetrating 
beta and gamma rays. In other words, the capillary glass tube in which 
the emanation is confined may be used to radiate the tissues exactly as 
if it contained radium itself. Inasmuch, however, as radium emanation 
decays quite rapidly, falling to Yo its original amount in 3.85 days, the 
radiations from this source are not constant as is the case when radium 
itself is used. 

Objection to the use of radium emanation alone as a source of thera- 
peutic radiations has been made on the ground that the relatively rapid 
loss of activity impairs its value. This objection can easily be met by 
remembering that few treatments exceed 24 hours in duration and during 
this time only 16 per cent of the initial activity of the emanation is lost. 
For the production and collection of radium emanation for therapeutic 
use at least 1 gram, or more, of radium element is desirable from a prac- 
tical point of view. The salt used is radium chloride which is dissolved 
in water to which a small quantity of hydrochloric acid has been added. 
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The extraction, purification, and compression into a small bulk of the 
radium emanation from this solution is a highly technical and compli- 
cated procedure requiring special apparatus. For the description of the 
process the reader is referred to a previous chapter. 

The advantages of radium emanation tubes over tubes containing 
radium salts are numerous; among them may be mentioned the follow- 
ing: (1) The minute size of the emanation tubes. It is easily po.ssible 
to make an emanation tube less than Yiq or even ^Xoo the size of a 
tube of similar activity containing radium sulphate. (2) The greater 
flexibility of the armamentarium, since tubes or applicators of any size, 
shape or strength may be made. (3) The obviation of danger of loss of 
the radium since the radium itself is not actually used in the therapeutic 
applications. On the other hand, for certain surface applications and es- 
pecially in treating many skin diseases radium plaques are preferable 
to the emanation apparatus on account of their greater convenience, 
constant dosage and at close range their more uniform radiation. 

Apparatus designed for the practical application of radium emanation 
consists of: 

(1) Capillary glass tubes, in ^vhich the emanation is confined. These 
tubes vary in length from 3 to 20 mm., the outside diameter being from 
0.3 to 0.6 mm. They may easily be made of any desired strength. When 
intended for external radiations, they may contain ordinarily from 5 to 
50 mc. each. Emanation tubes of less strength may be grouped together 
on pads so that the effective utilization of the weakest tubes is possible. 
When intended for external radiations, silver tubes are slipped over the 
emanation tubes as soon as the latter are sealed off from the emanation 
machine. These silver tubes are open at both ends. They are 16 mm. 
long, 3 mm. in diameter and have a wall thickness of 0.5 mm. Enclosed 
in the silver tubes before the active deposit has formed, the emanation 
tubes may be conveniently handled in this manner with less danger to 
the operator. The emanation tubes are retained in the silver tubes by 
a paraffin plug at each end of the latter. The tubes are then set aside 
for three and one-half hours, at the end of which time the strength of 
each tube is measured. The silver tubes are distinguished from each 
other by means of a coating of enamel, of different colors or combina- 
tion of colors, an ingenious method devised by Failla. A record is kept 
of the number of millicuries contained in each enameled tube so that its 
strength may be calculated from day to day. 

Glass emanation tubes are sometimes used without filters. They may 
be laid on the surface of a grow^th or may be used for insertion into tumor 
tissue. They are often called ''bare tubes" or ampoules to indicate the 
fact that they are used in this manner. The ''bare tubes" used for 
insertion into tumor tissue are ordinarily about 3 mm. in length and 
have a diameter of about 0.3 mm. They usually contain from 0.5 to 3 



TIIERAPKUTTC APPAR ATI'S 



113 



me. of emanation. They may be made ])y euttin^ up lonjjer emanation 
tubes by means of a minute jras flame. As the pressure of the emanation 
in the tube is less than atmospheric i)ressure, no emanation is lost by 
this procedure. Failla has devised an ingenious machine by means of 
which a glass tube may be cut into shorter lengths with great rapidity. 
The method of using the ])are emanation tubes by inserting them into 
the tumor tissue is described in a subsequent chapter. We liave devised 
an instrument for tlie convenient insertion of ampoules (Fig. 36). 
(2) Special steel needles, devised by Joly and Stevenson, in which the 
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Fit?. 20. — Ai)paralii.> f(»r tlic api)licaii()n of ratiium inianation. 



A, Capillary k'^ss emanation tnbe. lenKth 7 mm., oijt-siik- diametrr Oio mm. B, ICnamelod silver 
tube, lenRth 1.6 cm., wall thickness '''lo n^"i- to contain Kla.ss emanati(<n tube A. C, IJrass screen, 
length 2^2 cm., wall thickness .(t2 mm. tn contain >ilvcr tube H. I). Brass screen, length 3 cm., 
wall thickness 1.8 mm. to contain silver tube B. /:. Hollow steel needle with screw cap, length 
17 mm., wall thickness ho mm. to contain emanation tube A. Into a similar nee«lle may be 
packed about 12 mp. rarlium sulphate, the can being then hermetically sealed on. /*, llolbjw steel 
needle with plunger to contain glass <nKuiation tul)e -J after removal of i)lungir. The needle may 
then be inserted into the tmiior for the re'|uire<l niunber of hour**. Trcnn this needle may also be 
ejected by means of the plunger a similar but more minute capillary glass emanation tube which 
may be allowed to retnain in the -iubstauce of a growth. The author's instrument for the con- 
venient insertion of glass am]iou!es is shown in Fig. id. 

capillary glass emanation tubes may be placed. The steel needle, con- 
taining the emanaticm tube, may l)e inserted into the substance of 
tumors. These steel needles have a wall thickness of 0.3 to 0.4 mm. and 
a length of from 1 to 2 cm. The needle containing the glass emanation 
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tube is witlidrawn from the tissues after the required length of time has 
elapsed. Instead of steel, the needles may be made of platinum or any 
other desired material. In estimating the time of exposure, due regard 
must be paid to the amount of screening power possessed by the wall of 
the needle. This method of using needles has been replaced in large 
measure by the method previously described in which bare emanation 
tubes are inserted and left to decay in the tumor tissue. In some cases, 
however, the use of metal needles is desirable. 



r. APPARATUS FOR USING THE RADIOACTIVE DEPOSIT 

The field of usefulness for the active deposit is relatively small at the 
present time. The a<*tivc deposit nuiy be utilized, however, in several 
ways. These are fl) the deposit may be allowed to collect on a small 
piece of metal such as lead foil. (2) The deposit may be collected on a 
wire attached to the ncfrative pole of a battery. I^adioactive wires may 
be utilized by insertion into the tissues. (\\) A solution of active deposit 
mav be used. 

1. The Active Deposit Collected on Metal 

We have alnsidy stated that when radium emanation is separated from 
the radium and confined in a tube, a thin coatinjr or film of ''active de- 
posit'' forms on the walls of the tube and that the tube itself may then 
be used as a source of radiation, the function of the emanation beingf 
simply to keep up the supply of **activ(» deposit." We may even go a 
step further. Once the a<*tive de])osit has settb»d on the walls of the 
tube, the emanation itself may be taken away and the active deposit 
alone iiiav be used as a source of radiations. UndtM* these circumstances, 
however, the tub(» is short lived as the enianati(m is lackin*? to replenish 
the active deposit as fast as it di»eays. 

If a small piece of metal such as lead foil is (micIoscmI for three to four 
hours in a c<)ntainei' with the emanation, tlu» metal becomes coated with 
^'active (jcpMsit " and may be I'cmoved from the container and used alone 
as ji s(»urce cii' r.idiatioMs. K'udioactive lend foil has been used principally 
UtV the t l"e;itliient of \ernjil eonjuuct i\' jl is. 



2. Radioactive Wires 

r»v ;i suii.ilil.' .-I n-;iiiL'«'Mi'"iit . ;i pLitininn wii'c iii;i\' Ke ;itt;n']H'd to the 

IieL!;ili\e pnjr n\' ,| li;ittef\ ,'111(1 ill^rl'tril ititn ;| •jIjI'ns luill) illl«) whii'll the 

ein;in;il iuii iii;iy In- iiil rmhiee*!. Tlie iMiliimi .\ ijiiit i> t'(»i*me«| t'l'niii the 
♦ •mnfuit inn ]\;\^ ;i |)uxiii\e cih-n-i^r. It i:tM«s, 1 ih-i-.-rui-e, ,'is l?ul iiei't'nril lirst 

M])se|*\e(l, 1(1 llic ||c«_:,-|1 i\ (' elect I'odc ;in>l is (|e|>(isite(| llid'e. Tllel'e i> thus 

t'(>riiie(l ** r;i(li(i.ict i\(' (icpn^ii " on the w ii'e. tin- in.i \ ininni Jinicunt beinLj 
(•lit;iine(l Jit't'-i" .ilHint tlifec lion?">. 'IMic f;hli;it i(»n ti'oin the wire eniiNists 
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of alpha, beta and gamma rays. Just as in the case of the piece of metal 
enclosed in the emanation chamber and previously referred to, the "ac- 
tivity" of the wire decays rapidly. 

As shown by Lyster and Russ, an ''active wire*' may be of value when 
introduced directly into the tissues. Under these conditions, the radia- 
tions do not suffer any loss by absorption in the apparatus such as 
happens when the ordinary radium emanation container is used. As will 
be seen by referring to the following table, however, the radioactivity of 
the active deposit falls to less than half value in one hour. The short life 
of the active deposit thus curtails its usefulness. 

Table XIII 
(After Colwcll and Buss.) 
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3. Solution of Active Deposit 

The active deposit may be dissolved in water or allowed to collect 
in a closed chamber on some soluble substance such as common salt 
which may then be dissolved. The solution may then be injected, sub- 
cutaneously or intravenously. The method of preparing a solution of 
active deposit has been described in a previous chapter. 



CHAPTER XIII 

DOSAGE 

A scientific and perfected method of dosage in radium therapy would 
demand that the rays eominjj: from eacli apparatus be carefully measured 
and directed in accordance with our knowledge of the radiation neces- 
sary to destroy each normal and diseased cell complex. These ideal 
conditions for treatment cannot be completely fulfilled. 

In the first place avc are dealing with the living organism and even 
if the rays could be measured for each applicator and directed properly 
the intensity of radiation necessary to produce certain results will vary 
to some extent with the individual tissue or tumor that is treated. 
Witliin certain limits, however, the proper measuring of the dose of rays is 
of the highest importance and is the foundation of a scientific therapj\ The 
number of possible arrangements of apparatus containing radium is so 
great that we must limit ourselves to a discussion of a few types of ap- 
plicators that are adaptable to a number of conditions. * We shall give, 
however, the results of certain mathematical calculations that are of 
value in enabling us to estimate the intensity of the radiations from 
different types of applicators at different distances. 

In considering the subject of dosage we must distinguish between 
(a) surface radiations, i.e., radiations that are delivered by placing the 
apparatus at various distances from the surface of the skin or mucous 
membranes, and (b) intratumoral radiations, i.e., radiations that are 
derived from the actual introduction of the radioactive material into 
the substance of tumors. 

SURFACE RADIATIONS 

Neglecting for the moment the radiosensitiveness of the tissues, the 
therapeutic effect of radiations depends upon their quality, their intensity 
and the duration of the exposure. The quality of the radiations depends 
upon the filtration. The intensity of the radiations at a given point 
depends upon: 

1. The quantity of radioactive material. 

2. The filtration. 

3. The shape of the source, i.e., the method of distribution of the 
radium on the apparatus. 

4. The distance from the source. 

5. Absorption in the apparatus and in the tissues. 
(). The secondary radiations in the tissues. 

A marked variation of any one of these factors naturally alters 
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the effect of the radiation. We may now consider the effect of each 
factor. 

(1) The Quantity of Radium or Radium Emanation in the Apparatus 

It is evident that, other thinjrs bein^ equal, the larger the quantity of 
radioactive material the more intense is the radiation. Speaking very 
generally the quantity of radium used naturally depends upon the pur- 
pose of the radiation, i.e., whether the lesion requires a mild or intensive 
dosagre and whether superficial or deep effects are desired. The quantity 
used varies therefore from a few milligrams which may be suitable for 
superficial cosmetic disorders of the skin to one gram or more which may 
be necessary for influencing deeply seated or extensive malignant tumors. 
It has already been stated that experience has shown that tubes and 
plaques containing from 5 to 50 milligrams of radium element or tubes 
containing the same number of millicuries of emanation are the most 
convenient and useful. Almost any combination of apparatus to aug- 
ment the amount of radium for a single case may be employed. Com- 
binations of apparatus to increase the quantity of radium and therefore 
the dose are made in accordance with certain mathematical calculations 
and as the result of experience in dealing with special kinds of lesions. 

It must be especially emphasized that while there is probably an opti- 
mum dose and method of treatment, equally good results may be achieved 
in manv cases bv verv different methods. The various factors mentioned 
above that enter into the effect of the radiation mav all differ with dif- 
ferent operators and yet the final result may be equally good. Wickham 
long ago insisted upon the fact that we cannot be too dogmatic, or use a 
too **cut and dried" method in matters pertaining to radium therapy. 
In children, the dose should not be more than one-half and in the case of 
very young children not over one-fourth of the normal dose for adults. 

(2) The Filtration 

We have discussed in a previous chapter the use of metallic and non- 
metallic screens to filter out or absorb types of radiations that are some- 
times undesirable before they reach the skin. In routine practice, the 
metal screens over the radium vary in thickness from 0.1 mm. to 2 mm. 
while the nonmetallic material used, in addition, may vary from 1 mm. 
to 1 or more cm. 

In general, when superficial effects are desired, little or no metal 
screening may be used from a theoretical point of view, as the first centi- 
meter of tissue absorbs practically all the beta rays. Although under 
these circumstances, both beta and gamma rays take effect, the quantity 
of beta rays greatly exceeds that of gamma rays while their absorption 
takes place readily; therefore their action greatly preponderates in short 
unscreened exposures. Great care must be observed, however, in using a 
preponderance of beta rays on the skin, as painful burns may be easily 



I BJUIIUU THERAPY 

is seldnm wise to use varnish or eliized apparatus or bare 
)es without & certain amount of mefal screening unless tlie 
)e had experience with the method. 

effects are desired, all of the beta rays and some of the 
I. rays should be absorbed by a screen of brass 2 mm. thick 
ivulent of another metal. Only the hard gamma rays are 
js c|; V in penetrating the screens and affecting the tissues. 

The [J for the use of thick metal screens, in the treatment of 

deeply b iled tissues is thus very evident. If an unsei'epned radium prep- 
aration in list 1. the ereater oart of the radiation, consisting of beta rays, 
will he absorbed rnc . of tissue. As a result of this 

absorption, the n ficial layers may i ve an amount of rays sufficient 
to destroy tboti. . e the deeper tisa i will receive relatively little 
radiation. On the other band if screenii>s of sufficient thickne.ss, such as 
may be furnisbcd by two millimeters of brass, is used, the superficial and 
ilocp layers of tissue may receive appn timately the sarae amount of 
radiation. As many types of tumor cell ire more sensitive to the rays 
tbnn normal cells, the purpose of the n iation, i.e., the destruction of 
tumor frells and the preservation of the no.jial cells may be accomplished. 

Table XIV 

TIiIji tiilili' »li(j»!t Hip joniniiig effect duo to lieta niul gamma rnjH in nir. At tliw 
■HiiiH ilUlntico (1 cin.) if alisoriition is not fonaidered, the ionbalion due to beta rnyo 
may h« aoilRinil, ucuoriling to Eve's exprriuiciita, to be Uiirty-foor limes lltat due to 
linnimu tuyn. Wu mny also accept Eve 'a values for the eocfficionts of abaorption, i.e., 
tiif tiittn riiya .fllS; fur gnnima mys, a value so wnall as to be negligible. 

Tliu tiiUlc itluMtratGg Hie effect of a fitter of suffidtnt liiicknesa to absorb alt but 
Uiiiiiiiiit ruj» In criniiiii)! a diminution of the total intcusily. 
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radium emanation may l)e concentrated at one or more points or lines; 
radium salts may have a linear distribution, as in the case of tubes, or 
they may be spread uniformly over plates of various shapes and sizes. 
Practically, we limit ourselves to the use of tubes (i.e., a linear distribu- 
tion) containing either radium emanation or salts, and to the use of 
round, square or rectangular plaques of various sizes containing radium 
salts. 

It may be shown by mathematical calculation that the difference be- 
tween the eflFect due to a linear distribution (i.e., a tube several milli- 
meters long) and that due to a point is not more than a fraction of 1 per 
cent at a distance of several centimeters. The orientation of the tube at 
these distances is also unimportant. 

We are concerned chiefly, therefore, with the effect of tubes and of 
plaques which may be used singly or in combination. We may now con- 
sider the variation in intensity of the radiations at different distances 
when the source is 

(a) A single point, or a line several mm. long, i.e., a single tube. 

(b) A number of points or lines, i.e., several tubes. 

(c) A plane surface such as may be formed by one or more plaques or 
by laying a number of tubes side by side. 

(a) Single Tubes 

Considering each tube as a point source, the variation of the concentra- 
tion of the rays with distance is in accordance with the law of inverse 
squares, i.e., the intensity of the rays varies inversely as the square of 
the distance from the source, any effects of absorption being, for the 
moment, neglected. 

Let us assume that we have a source of gamma rays (filtered to absorb 
beta rays) so small that it may be considered as a point. Let this source 
be situated in a medium such as air which does not appreciably absorb 
the gamma rays. We may consider the point as a source of radiant 
energy which is emitted equally in all directions. 

If we assume that a sphere of unit radius is drawn about the point 
source as a center, all of the radiation will go through the surface of this 
sphere. As there is nothing to distinguish one portion of the spherical 
surface from another, we can assume that the energy passing through a 
unit area of such a surface is a measure of the intensity at that distance 
from the point. 

Now suppose the unit area is moved out to a distance of two centimeters. 
It is now part of the surface of a sphere of area 4 7r(2)2 instead of 
4ir(l),' i.e., of a surface with four times the area of the first sphere. 
The energy that passed through the spherical surface of radius 1, must 
now pass through the spherical surface of radius 2, but it will be spread 
over four times the area over which it was previously distributed. Hence 
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the auKnnit of ciierjjy passiiijr throujrli the unit area, which we have taken 
as a measure of the intensity, is just one-fourth, at a distance of 2 cm. 
from the souree, of tlie intensity at a distanee of 1 em. from the source. 
Simihirly, at a distance of ;i em., it is |(, of the intensity at 1 cm.: at 
4 em.. Vic «nd so on. Tlie intensity due to a p(nnt .source varies inversely 
tlierefore as the .s(|uan» of tli(» distanee. ( 'onsecpiently, if the source is a 
sinjrh* tuh(», a variation in tlie distanee (d* the souree from tlie surface of 
even a few millimeters is sutTfieient to eause an a]>preeiahle difference in 
effeet. From the standpoint of liomojireneity of radiation, it is frequently 
desirable to j)laee tlie radium tube at a distance of a few millimeters 
from the surface. For exampl(\ nejrleetinjr al)sor])tion for the moment, 
a layer of tis.sue. 5 mm. thick, ])laced 1 mm. distant from the radium tube 
em it tin*? only jramma rays Avould receive on the far side, which is (> mm. 
distant, ^, •'{,., i.e., (\\{') of the d(Kse n'ceived on the near side, which is only 
1 mm. distant. Tf the sam<» layer of tissue were placed iy mm. away from 
the radium, it would reiM'ive on the fai* side, which is 10 mm. distant, onlv 
* 'i fi.e. 5-10-) of tho dose received on tin* near side, which is 5 mm. dis- 
tant. It is (»vident. therefore, that by ])lacin<r the radium tube at a eer- 
tnin distance from the skin, the dilTerent layers of tissue will receive 
nion* uniform radiation. Tn a^-tual practice, this principle, whenever 
|»ra«'ticablc. may be taken advantajre of and several millimeters to one or 
morr* ccntimettM's of jrauze, rubber or wood nmy be int(»rposed between 
the metallic scr(M*n over the radium tube and the skin, in order to srive the 
di'sired dislancc. This matei'ial thus serves the double purpose of absorb- 
in/ Ihe sei'ondary rays fi'om the apparatus and also (»f retaininjr the 
radium tube at the ])roper distance. In oid^r to com|)ensatc for the fall- 
iuR oil" in intensity of the rays due to the increased distance of the 
radium, propter increase in either the (plant ity of radium or the duration 
nf (he exposure or both of these factors must be made. 

When the radium tube is introduced into a small cavity such as the 
interim- of ihe uteinis, it is. of course, seldom ]K>ssible to keep the tube 
iiMM'e than a few niillinietei's distant from the ti>i*«iiies. I'nder these eir- 
emir>tinnM*s, the tissue m^aiv'st the tube i-eeeives a dose lliat is frerpiently 
, .•e'-NiM' hut ill this pai'tieular situation no ill elTeets are oi-dinarily ob- 
' id nil the skin, howevei". an unneee>sai"y and undesjriible reaction 
.iii.j I.I- iH-Miiui-ed if the I'adiuin tub*' is in too close ;ip])o>ition to it. As 
I. II i.iird hi'l'iii'i'. wlii'ii \«'i-y Nii|)i>rlii'i.-il I'lTc.-l^ ;ir»- desired, the 
. , I ...1. imIm- iii;i\ Im- pl;ii'fi| in i'i'l;i t i". rl \ rIo>i' conlri'-l \\illi the tissue. 

1, 11 I I'l- i'\«'l"i-i>«'d und«-r lllof ciI'iMMiIn! ;ini''-^. I:n\\c\rr, lint to 

I ,. ii, .liii iii"ii «•!" ilif «'\ itM>n re l»e\M||(| liir |(rM|h-|- hmiN. ,i> ;i pjiin- 

. i ,.,,,,.. I. .M .i|\ |tfMi 1 iii-rd . A-^ ^^ r li;i\r ^im-|i. \\'|.|i d('r|M'r •'iVeets 
I I ■ I. I nliiiin lulu- ii,.i_\ .11 1 \ ;i 111 ;iL'fMnN!y lie j»!,ii-rd lit b'.'i^t a 

,, ■ , iM i\ Im'Iii llh' l»'si"M <•!• -•■NtT.il tnl)«'^ iiL.y 1m' u>''d Nininl- 
1 , li I III.'- Ill' Ni'Xi'l'ill 111 1 1 1 : Hit'; I'l'^ Ml' iM'nl inM'i •'!■>, ^" ."i^ to 
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cover the area occupied by the lesion. The latter arranp^ement, which is 
ordinarily the better one, will be considered in a subsequent section. 

It may be found by experiment that fifty millicuries, contained in a 
point or minute tube, screened to absorb all but gramma rays will pro- 
duce, at a distance of 1 cm., an erythema of the skin in twelve hours, 
i.e., 600 mc. centimeter hours. (50 x 12.) 

Let us assume the permissible skin dose to be 600 mc. centimeter hours. 

We can now^ find, at least theoretically, the smallest distance from the 

skin at which, for example, a fifty millicurie tube can be left for an hour. 

This is easily done as follows, if we consider the tube as a point source: 

50. 
The intensity at any point at a distance r from the source is-^-^- We 

wish this intensity, when multiplied by the time in hours (1 in this case) 

to be equal to 600. 

50 
Hence -Y" = ^^^ r^ = \\2 r = %V3 = .29 cm. 

or approximately 3 mm. Actually the tube can be placed closer than 
this, since a tube is not a true point source. The intensity at .29 cm. 
away is not 600 but is given by 

A r tan 1^ -tan "^J^'l = ^^ tan-'Ji « ^'^« f,^.'"" »» 
f \ f f I If 2/ ^^^® ^^ *"^s case. 

where M is number of millicuries in the tube, I its length, / the distance 
away. Take M == 50, ^ -= .7, / = .29. We get for the intensity at .29 cm., 

100 -» .7 

tan , or 433. 



.7(.29) .58 

This is about two-thirds of that permissible. Hence to approximate to 
the possible distance, try .29 Vts = 236 cm. The intensity at that dis- 
tance is 

100 ~» .7 

tan =592. 



.7 (.236) .472 

Hence .235 cm. is as near to the skin as one may leave a 50 millicurie 
tube for an hour. If we accept as approximate the rule that for the 
same value of distance times the time, w^th the same intensity, the effect 
is the same, this will also be the minimum permissible time to leave a 
25 mc. tube for two hours, a 100 mc. tube for one-half hour, etc., since 
25 X 2 = 100 X Yo. The above rule holds, however, only within certain 
limits as we shall show later on. 

(b) Several Tubes 

Let us now consider two 50 mc. point sources. Let us try to give 
three points on the skin the same amount of radiation. Let us take one 
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FiK. 21. — Diagram showing two radiuin tubes aflfcctiiig throe different points on skin. 

point directly below each tube, and the third point halfway between 
them. Let A and B be the two tubes, D, E, and C the points on the skin. 
(Pi|i:. 21.) The intensities at D and E will, from symmetry, be the same. 
Let us assume the intensity at D and also at E to be 600. Then the in- 

* 50 50 

tensity at C due to A is —,>..,. Tliat at C due to B is -Trrrz . Now AC = BC 

AC^ BC^ 

2 X 50 

if the midpoint of I)E is C Hence tlie total intensity at C is 



100 



AC 



AC 



•• • 



Ia>\. a I) r= 1'. DE = X 

__ 2 a _ a Y^ 

Then .4C = A J) X ^^ ^' = ^' -1 — 
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A^ 4 
4 


6 



50 50 

Tlio intensity at /) due to A is--'. -.. or -*- -. Tlie intensity at D due to 

A J)- y- 

n ' •'>^^ •>^^ •'>0 

'' •« - . -= _. . ^ -T.:. Y"j • ^ "^* '"^^^"^ ^^^ tliese two intensities is to 

an lit: de 

u- mi). 

:,() r)f> 1 1 

- : (ion or - . -f — ]2 

) * ) = • X- 1 ' 3 = -I X^ 

\V«' h;iv«' llicrrfurc two (Mjuntions. 

\- 

\ . _ 1 n 

1 1 

♦ - . - . , VI 

y 1- A 

We e;j]i sr^lvr llu'sc t*(»r .\'~ iiiid Y- ;in«l ln-ncc l^<'1 tlir de>ir,^l distMnees .1/) 
and DE. We tind U^v Af), IIm- di^tjiin-e \'v(ni\ tlie skin, .:i:{:J etn. Jind for 
.!/>, ilie diNlanri' ;i|);irt (»t' the pnim >«.nr«*«'s. J71 rin. 

On tlh' oiIh'p 1nim<I. it' wf n--!* tnl>«'.s insiriel n\' p»>in1 ^mjiti-s. w,. fnnl that 
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with the distances as given, the intensity at D and E amounts to 482. 
Hence we must approximate as before by decreasing the distances in the 
ratio V%» By several such approximations (we need here to correct the 

ratio — : as well as V-^^ and yj AB together) we arrive at the values. 

yAB 

Distance from skin = .289 cm.; distance apart = .440 cm. 

The same procedure can be followed for points and tubes at the cor- 
ners of an equilateral triangle and also at the corners of a square. The 
results are given in Table XV. 

Table XV 
Theoretic Minimum Permissible Distance from Skin for 50 mc. for One Hour 



POINT SOURCES 


TUBES 7 MM. 


LONG 




DISTANCE FROM DISTANCE 


DISTANCE FROM 


DISTANCE 




THE SKIN APART 


SKIN 


APART 





Single tube .289 cm. 


.0 


.235 cm. 


.0 


Two tubes .333 ** 


.471 cm. 


.289 '' 


.440 cm. 


Three " .353 " 


.612 '* 


.312 *' 


.307 *' 


Four " .375 " 


.619 '' 


.332 '' 


.595 ** 



If we wish to change the amount of radium, we must change either 

the time or the distance. If the distance be kept constant, the time 

should be changed in such a way that the numerical value of the product 

obtained by multiplying the number of millicuries by the time in hours 

is kept the same. In general two arrangements of point sources (or of 

tubes at a distance of more than a few centimeters) are similar in effect 

- , ,, , ^ (Amount of radiating substance) (Time) 

when we have the same value for ,^, ^ — ^ 

(Distance)^ 

for each distance, i.e., for the distance apart of the tubes and also the 

distances from the skin. Thus if we increase the time from one hour to 

six, we must, for point sources, increase the distance each in the ratio 

V6 etc. 

Table XVI 

Theoretic Minimum Permissible Distance from Skin for 50 mc. for Six Hours 
Assuming the maximum permissible dose as 50 mc. at 1 em. for 12 hours, the minimum 

permissible distances for 50 mc. for 6 hours will be 





point 


sources 


tubes 








distance from 


distance 


DISTANCE 


DISTANCE 






skin 




apart 


FROM SKIN 


APART 




Single source 


7.10 mm. 






6.79 mm. 






Two sources 


8.16 mm. 




11.53 mm. 


7.92 '* 


11.56 mm. 




Three ** 


8.64 ' ' 




14.99 * * 


8.47 " 


14.96 *' 




Four ** 


9.18 " 




15.18 " 


9.01 *' 


15.19 " 





For tube sources, this method gives only approximate results, due to 
the departure from the inverse square law. It must be especially empha- 
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sized, liowovor, lliat hiolo^rically the method of ealeulation outlined above 
does not hold true for all intensities and times. The actual biologic 
effects can only be determined by experience. For small variations of 
intensity and time the above method is approximately correct. The 
effect due to a larjre intensity for a short time is not the same, however, 
as that due tr) a small intensity for the correspondin<?ly lonjrer time. We 
shall refer to this |)oint ajrain in our diseussion of the duration of the 
exposure. 

Fn»m the foref»:oin«r, it nuiy be stated that, in j>:eneral, two equal sources 
or tnbes may be ])laced Avith their centers approximately twice as far 
ai)art as their distanee from the skin. This arranprement provides an 
approximately unifrirm field of radiation at the skin surface. The fore- 
jroinj^ rnle does not hold, however, in the case of larjro extended sources 
as we shall shr>\v later on. Three equal sources or tubes may be placed 
at the corin*rs of an ecpiilateral trianjrlc. 

Four e(pud sources or tnbes may be arranjred at the corners of a 
sfjiiare, if \vi» wish to make the intensity beneath the center of the square 
^•qnal to that under each of the f(»ur corners. 

In tin* easr of the e(|uilateral trianjjle and the s(|uare (3 tubes and 
4 tubes H'spiM'tively) the same j^eneral rule holds as in the case of two 
tubes, i.e., the sides of the trianjifle and the sides of the square may be 
a|)|)n»ximately twice as lonjr as the distance of the tubes from the skin. 

d') Plaques. — Tubes Laid Side by Side 

It is cvidrnt that as the number (►f tubes is inereased tln' etfei't api)roacbes 
very elosely io that produced by a pla(|ue, i.e., by a uniform distribution 
of the radioactive nuiterial on a plane surface. At a distance of a few 
millimeters, the plaque source has a slijrht advanta«r<* over the multiple 
tube source in that the foi-mcr ])roduccs an approxiinately uniform field 
nf radiation. This uniformity of effect is of considerabh^ importance in 
the treatment of cosmetic skin discu'ders, such as anjriomata. At a dis- 
tance of several cent iiiiclcrs, both types of apparatus have an almost 
identical effei't. 

AVe may now ^'■jve sdine illusi I'at inns oi' ihe-relntive effects of a few dif- 
fci'ent type> of a ppiicatoi's. Vnv coineniciice, the L''aiiiiiia i*ay intensity 
derived fi-oiii a pnjnt sourer ••(»nl;iinin«j one iii<z. of r;nliuni element at a 

(listaiiee «>r (Oir eeli 1 i mrt ci-, i^ t.ikrn ;i^ 1 lir llJlit ill Jill of llir ffjljowinir 
e;ili-ulal i(»lls. 

In cjiji'uhil iiiii T;iM(' W 1 1 r;h'h tiilu' wns cnii^idfrcd .-is a |)(>i!i1. The 
culculat ioii \v;is ;iN'» iii;i(|t' t'«u' '2') IiiIm-^ «M)n^i(l«'riiiu e;ich lulu' as a 
line: the result \\;is !).!)11. ;i (iilTer.'ii.-e rr«.iii !).!>llJ ul' ■^.,, prr eetil. 

TIh' intensity deerenses ;is tile uuniluT (»t' tulies increase^. approaehin«j: 

the \alue for a uiiifoiMii di^trilMitiou wliieh ina> he •'sliinated fnuii the 

■ ■'.^\t' table a^ appr<»\iiiiat elv !)>. i.*-.. a tlilTei'eiiee ot' mmIn ahnui '2 per 
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Table XVII 

Efi-'ect op Different Nitmbeks of Tubes Containing a Total Quantity of 500 mg. 

Distributed Over a Plane Surface 10 x 10 cm. Distance prom Plane 

OP Tubes to Point on Axis Is Assumed to be 6 cm. Absorption 

IN THE Apparatus Is Not Considered 



number of 


gamma ray intensity at a point on the axis, 




tubes 


C CM. from the plane op the tubes 




1 


13.88 




4 


10.31 




16 


9.99 




25 


9.95 




100 


9.89 





cent from the value for twenty-five tubes. The advantage in inereasing 
the number of tu])es (i.e., sources) l)eyond 15 is not immediately appar- 
ent for a distance of 6 or more cm. from the skin. 

Tables XVIII and XIX illustrate the difference m effect of a plaque 
and a point source respectively at various distances. As we have already 



Table XVIII 

Intensity op Gamma Radiation Due to a Circular Pi^\te 4 cm. in Diameter and 
a Point Source, Respectively. Each Type op Source Is Assumed to Con- 
tain 50 MG. op Radium P^lement. The Intensity Is Calculated at 
a Point on the Axis op the Plate, i.e., on a Line Per- 
pendicular to Its Center. Absorption in the 
Apparatus Is Not Considered. 



distance in cm. 


CIKCITLAR PLATE 


4 CM. 


POINT SOURCE 


OP THE SOURCE FROM 


IN 


DIAMhTER, CONTAINING 


CONTAINING 50 MG. 


THE SURFACE 


50 


MG. 


, RADIUM ELEMENT. 


RADIUM ELEMENT 






(ABOUT 


4 MG. PER 


SQ. 


CM.) 




.1 


cm. 






74.8 




5000 


.2 








57.7 






1250 


.3 








47.7 






555 


.4 








40.7 






313 


.5 








35.4 






200 


.6 








31.1 






139 


.7 








27.7 






102 


.8 








25.4 






78 


.9 








22.3 






62 


1.0 








20.1 






50 


1.2 








16.6 






34.7 


1.5 








12.8 






22.2 


1.6 








11.8 






19.6 


2.0 








8.67 






12.5 


2.5 








6.17 






8.00 


4.0 








2.79 






3.13 


6.0 








1.32 






1.39 


8.0 








.76 






.78 


10.0 








.49 






.50 
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shown, the plaque source and the multiple tube source are practically 
equivalent, at least at a distance of several centimeters, in the production 
of a homogeneous field of radiation at the surface. 



Table XIX 

Intensity of Gamma Radiation Due to a Circular Plate 10 cm. in Diameter and 
A Point Source, Respectively. Each Type op Source Contains 

500 MG. Radium Element 
The Intensity is Calculated at a Point on the Axis of the Plate. Absorption 

IN THE Apparatus Is Not Considered 



distance 


IN 


CM. 


of 


circular plate 


10 CM. 


POINT SOURCE 


THE SOURCE 


from 


IN 


DIAMETER CONTAINING 


CONTAINING 500 MG. 


THE SURFACE 




500 


MG. RADIUM 


ELEMENT 


RADIUM SLEMENT 










(about 6.36 MG. PER SQ. CM.) 

65.2 




1 


cm. 






500 


o 










39.6 




125 


3 










26.6 




55.6 


4 










18.8 




31.3 


5 










13.9 




20 


7 










8.24 




10.2 


10 










4.46 




5.0 


15 










2.11 




2.22 


20 










1.21 




1.25 


25 










.784 




.800 



Tables XVIIT and XIX show that so far as the axis and direct radiation 
are concerned, there is little difference in the effect of the two types of 
sources at a distance of more than 7 cm. Closer than this the intensity due 
to the point source becomes much the greater. Hence if the skin is closer 
than 6 cm. an extended source (i.e., either plaques or a number of tubes) 
may be used to greater advantage than a point source for deep treatments. 
If the skin is nearer than 1 cm., as in superficial treatments, the plaque 
source is particularly advantageous in comparison with a point source. 

The advantage of the extended or distributed source lies in the fact 
that it can be put nearer to the skin than the point source, and, while 
producing the same effect on the skin itself, it gives a greater effect at 
a point below the surface. Thus,, if 20 were the limiting dose for the 
skin in the above example, tlie point source must be at least 5 cm. away, . 
while the extended source can be put \vithin less than 4 cm. of the skin. 
In the latter case, the intensitv 5 cm. below the skin surface would be 5 
for the point, 5.5 for the distributed material, i.e., 10 per cent higher for 
the latter. For a distance of 3 cm. below the skin surface, the advantage 
is less than 4 per cent; for 10 cm., about 10 per cent. There are, in addi- 
tion, certain technical reasons on account of w^hich a distributed or 
widely extended source is more convenient of application than a point 
source. Thus it is more practical to arrange on an applicator, that has, 
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e.g., an area of 100 square cm., 10 tubes or plaques each containing 
50 mg., than a single powerful tube, containing 500 mg. 

It is frequently of interest to know the theoretic variation of intensity 
for plaques of different sizes. 

In general, for a surface distribution, if one reduces every dimension in 
the same ratio, keeping the surface density (amount per sq. cm.) con- 
stant, the intensity at any given point can be found for the new distribu- 
tion from the intensity of the corresponding point, respectively, in the 
old distribution by multiplying the given distances by the ''ratio of 
reduction.^' Thus, for a circular disk of radius 5 cm., using 500 mg., the 
field at a distance of 1 cm. is the same as for a circular disk of radius 
2 cm. (5 X .4) using 80 mg. (500 x (A)^) at a distance of 4 mm. (1 x .4) ; 
that for a distance of 2 cm. is the same as for the second case at 8 mm. and 
so on. While from a physical standpoint the intensity may be calculated 
as outlined above, the biologic effect may not be the same for plaques of 
different sizes. 

Table XX shows the variation in gamma ray intensity at different 
distances due to a square plate, on which 12 tubes are symmetrically 
arranged, and to a point source, respectively. 

From a practical point of view, the more superficial the situation of 
the lesion, other things being equal, the closer to the skin the radium may 
be placed, and vice versa, the deeper the situation of the lesion, the 
farther away from the surface of the skin the radium should be placed. 

In employing superficial radiations, the overlying skin or mucous mem- 
brane frequently but not necessarily becomes markedly inflamed or even de- 
stroyed. Inflammatory reaction should be avoided, as a rule, when possible. 
When employing deep radiations, it is usually desired to preserve the over- 
lying skin or mucoas membrane. Hence, only a slight amount of surface 











Table XX 










Gamma Bat 


Intensities Due to 


A Single Gx(^ cm. 


PL 


ATE, Containing 


200 MO. IN 




12 


Tubes. 


Absorption 


in the Apparatus 


Is 


Not Considered 


• 


DISTANCE 


FROM AXIS 


DISTANCE PROM PLATE=i6 CM. 


DISTANCE FROM 


PLATE— 10 CM. 








12 TUBES 


POINT source 




12 tubes 


POINT SOURCE 





cm. 




4.845 


5.556 




1.898 




2.000 


2 






4.503 


5.000 




1.833 




1.923 


4 






3.670 


3.846 




1.665 




1.724 


5 






3.202 


3.279 




1.557 




1.600 


6 






2.775 


2.778 




1.441 




1.471 


8 






2.022 


2.000 




1.208 




1.220 


10 






1.493 


1.471 




.998 




1.000 


12 






1.128 


1.111 




.821 




.820 


14 






.875 


.862 




.679 




.676 


16 






.693 


.685 




.566 




.562 


18 






.562 


.556 




.475 




.472 


20 






.463 


.459 




.403 




.400 
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Table XXI 

GAifMA Ray Ixtexsities Due to Two Such Plates, or Points, Identical with 
Those in the Previous Table. Distance from Source to Surfacez=6 cm. 

The term "center line'* is used in considering the effect of two applicators arranged 
80 that the planes containing the tubes are at the same distance from the surface Imt 
separated by an interval of space. The center line is the line perpendicular to the 
plane of the tubes and passing through the midpoint of the line l>etween the centers 
of the surfaces of the applicators on which the tubes are arranged. 

Absorption in the api)aratus is not considered. 



distance from 


distance 


apart 


distance 


APART 


DISTANCE 


APART 


center line 


OP plates = 


OF plates — 


OF PLATES = 









CM. 


4 


CM. 


8 


CM. 






plates 




POINTS 


PLATES 




POINTS 


PLATES 




POINTS 


1 


cm. 


8.173 




8.846 


6.445 




6.624 


4.797 




4.778 


3 




7.620 




8.334 


6.525 




7.000 


5.163 




5.317 


5 




6.525 




7.000 


6.338 




7.027 


5.631 




6.111 


7 




5.163 




5.317 


5.631 




6.111 


5.720 




6.418 


9 




3.903 




3.889 


4.545 




4.708 


5.196 




5.685 


11 




2.897 




2.862 


3.468 




3.463 


4.232 




4.402 


13 




2.186 




2.156 


2.584 




2.556 


3.238 




3.237 


15 




1.690 




1.667 


1.956 




1.950 








17 




1.338 




1.321 















Table XXII 
(lAMMA Ray Intensities Due to Two 6x6 cm. Plates Each Containing 200 mo. 
IN 12 Tubes. Absorption in the Apparatus Is Not Considered. Dis- 
tance FROM Source to Surface=6 cm. 



distance from 


distance apart 


distance 


APART 


DISTANCE 


APART 


center line 


OF plates — 


OF plates — 


OP PLATES = 






2 


CM.. 


6 


CM. 


10 CM. 






plates 


points 


PLATES 




POINTS 


PLATES 


POINTS 





cm. 


7.340 


7.692 


5.550 




5.556 


4.044 


4.000 


2 




7.278 


7.778 


5.692 




5.846 


4.268 


4.249 


4 




6.867 


7.556 


5.996 




6.471 


4.798 


4.957 


6 




5.996 


6.471 


5.973 




6.667 


5.378 


5.862 


8 




4.798 


4.951 


5.378 




5.862 


5.538 


5.241 


10 




3.650 


3.640 


4.363 




4.531 


5.065 


5.556 


12 




2.715 


2.685 


3.337 




3.334 


4.133 


4.305 


14 




2.055 


2.027 


2.485 




2.459 






16 




1.591 


1.570 













iuflamniation is ordinarily produced and in most, cases it may be avoided al- 
togetlier. 

For certain of tlie most superficial effects, the radium may be placed 
practically in apposition with the skin or mucous membranes, especially, as 
we have shown, when the source of the radiations is a plane surface. For 
somewhat deeper effects the distance of the radium from the surface may 
be from 2 miij. to 1 cm. ; in other cases requiring still deeper effects, from 
1 to 6 em. ; for the deepest effects, from 6 to 10 or more em. As the distance 
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of the source from the surface increases, the quantity of radium necessary 
for certain effects must be increased. While the diminution of intensity 
due to distance and absorption may l)e partly compensated for by in- 
creasing the duration of the exposure, massive deep effects cannot be pro- 

Table XXIII. 
Methods of Calculatino Absouption in the Apparatus 

Absorption coefficient =.05. 

By one method, i. e., treating the absorption of the radiation from each point sepa- 
rately, one gets for the intensity due to 500 mg. in 25 tubes, at a point on the axis 6 cm., 
distant from the plane of the tubes, 6.32. By a second method, i. e., using the average 
distance, 6.28. 

Sample calculation. 



no. tubes 


EFFECT DUE TO EACH 


TOTAL EFFECT 




FIRST MKTUOD 




1 


-Ci + .s) 

.5oi) c t 


= . 372 

.330 
.243 


.372 


2 

2 


... -(.i + v«o 

.500e 

-Cl+Vn ) 

. 385 e »« 


.660 
.486 


2 
4 


roA -Cl+V t" ) 
. 500 e 

... -(-i+Vm ) 

.454 e 10 


.330 
. 295 


.660 
1.180 


4 


-(.i + v,. ) 

.337 e >' 


.222 


.888 


2 


-Ci + V", ) 

.384 c "■ 


.242 


.484 


4 


„., -Ci + V., ) 

. 3^7 e 10 


.222 


.888 


4 


.2940 "^•'+^i:^ .170 

SECOND METHOD 
i\ d 


.704 
6.822 

nd 


i 





6 


6 


4 


2Vl0 


6.3246 


25 . 298 


4 


2V 13 


7.2112 


28 . 845 


4 


2V 11 


6 . 6332 


26 . 553 


8 


2V 14 


7 . 4834 


59.868 


4 


2VT7 


8 . 2462 


32.985 




25)179.528 








20)7.1812 




- . 45900 
9.941e =6.281 




.35906 
.1 




.45906 



The difference between the results of the two above methods is 2/3 per cent. Ordi- 
narily it would be much le.ss as in these calculati(ms a small distance has been used. 
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duced without using relatively large quantities of radium. Practical ex- 
perience has shown that in most cases demanding deep effects a minimum 
of 500 mg. is required, while in other cases not less than 1000 to 2000 mg. 
are necessary. 

In such cases, the minimum amount of metal screening is 2 mm. of brass 
or its equivalent of another metal, and the distance of the radium from 
the surface should not be less than 10 cm. 

5. Absorption 

(a) Absorption in the Apparatus.— Let us now consider the effect of 
absorption in the apparatus in decreasing the intensity of the gamma 
radiations. For eonvenionoe, the gamma ray absorption in the apparatus 
has been calculated in Ta])les XXIII and XXIV for a medium of about 
the density of w^ood, which has an absorption coefficient of approxi- 
mately .05. There are two possible ways of calculating the effect of absorp- 
tion on the radiation due to a inimber of tubes, as shown in Table XXIII. 
By the first method, the absorption is calculated for each tube separately, 
and the resulting corrected values of intensity are added together. By the 
second method, the average of the tliicknesses of absorbing material between 
the radium and the point affected is found first, and the sum of all the uncor- 
rected values is corrected by the amount of absorption which would occur if 
this average distance held for all ; this second method is only an approximate 
one, of course. In either case, whether the correction is made for each tube 
separately, or, using the average distance for all the tubes at once, we mul- 
tiply the uncorrected value by the exponential e-M<l, where ft. is the coefficient 
of absorption, d the thickness of absorbing material in question. As we 
have said before, /x is taken as Vi»o = -05 in Tables XXI II and XXIV. The 
absorption factor due to filtration is taken as e- ^ 

Table XXIV 

Gamma Ray Intensity Due to a Circulapw Plate 10 cm. in Diameter, Containing 

500 MiLLiGKAMs Radium Elemknt at a Point on Its Axis, 

CONSIDEllING ABSOIIPTION 

This is compared with tlie intensity due to a point source containing the same 

quantity of radium. 



DISTANCE OF 


THE 


SOURCE 


INTENSITY DUE TO 


INTENSITY DUB TO 


FROM THE 


SURFACE 


PLATE SOURCE 


POINT SOURCE 


1 


em. 




57.6 


475.6 


2 


<< 




33.4 


113.1 


3 


( ( 




21.5 


48.4 


4 


n 




14.6 


25.6 


5 


1 1 




10.3 


15.6 


7 


(< 




5.6 


7.2 


10 


(( 




2.6 


3.0 


15 


a 




.99 


1.05 


20 


It 




.44 


.46 


25 


(t 




.22 


.23 
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The conclusions to be drawn from Table XXIV are (1) that absorption 
in the apparatus cuts down the intensity due to a distributed source 
more than it does that due to a point source; this is, of course, self- 
evident in any case, since the distributed source is under the conditions 
taken (point source taken at center of disk, and effect on axis considered) 
on the average farther away than the point source. Thus the effect on 
the axis at a distance of 10 cm. differs by 11 per cent without consider- 
ing absorption, 13 per cent if absorption is considered, the advantage 
being with the point source in each case. (2) That if 20 still be the 
maximum skin dose possible, the point source can now be put about 4.5 
cm. from the skin, the extended source 3.2 cm. (previously 5 and 3.8) 
i.e., the superiority of the latter in this respect is increased. The in- 
tensity 5 cm. below the skin surface for the same skin dose of 20 is now^ 
15 per cent greater for the plaque source than for the point source and 
about the same (15 per cent) at a point 10 era. below the skin surface. 

Table XXV 

Gamma Ray Intensity Due to Single G x 6 cm. Plate Containing 200 mo., Radium 

Element in 12 Tubes, Evenly Distributed on the Surface. Absorption 

IN the Apparatus Is Calculated by the Approximate Method 









plate 


source 


point 
source 


1 
1 
1 








1 plate 


SOURCE 






exact 
method 


approx- 
imate 
method 


EXACT 
METHOD 


APPROX- 
IMATE 
METHOD 


POINT 
SOURCE 


6 CM. away 








10 CM. AWAY 








AND ON AXIS 


3.180 


3.178 

1 


3.724 




AND 


ON AXIS 


1.028 


1.028 


1.097 


2 cm. 


from 


axis 


2.914 


2.912 


3.298 


o 

i ^ 


C?ll. 


from 


axis 


' .985 


.983 


1.045 


4 " 






2.29r, 


2.276 


2.426 


4 








.872 


.870 


.910 


5 *' 






1.960 


1.940 


2.008 


5 








.801 


.797 


.828 


6 " 






1.639 


1.613 


1.644 


6 








.725 


.720 


.743 


8 '* 






1.119 


1.099 


1.098 


8 








.576 


.571 


.582 


10 *' 






.763 


.748 


.743 


110 








.446 


.442 


.446 


12 ** 






.528 


.518 


.514 


12 








.342 


.338 


.340 


14 '* 






.374 


.368 


.364 


:14 








.262 


.258 


.259 


16 '* 






.271 


.266 


.264 


16 








.201 


.199 


.198 


18 " 






.199 


.198 


.195 


ii8 








.lOiJ 


.153 


.153 


20 " 






.150 


.148 


.146 


.'20 

i 








.120 


.119 


.118 



The advantage of a distributed source over a point source at the 
same distance from the point beinp: treated is evidently not more than 
3 per cent, at any point, and really the point seems to l)e the better for 
this case as near the axis it gives a value higher l)y 15 per cent for 6 
cm. distance. The whole advantage of the distributed source lies in this 
latter fact, however, since this means that the point must be farther away 
in order that the intensity on the axis be such as not to burn the skin 
near by. In other words, for the same intensity on the axis, the intensity 
6, 8 or 10 cm. off the axis is 15 or 20 per cent greater for the greater 
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number of tubes. The field is more uniform. For the 10 em. dist^nee, 
the advantage does not appear so great. 

Tablk XXVI 

Gamma Ray Intfa'Sittes Due to Two 6 x (5 cm. Plates, Each Containixg 200 mg. 
IX 12 Tubes at a Distance of 6 cm. ffiom the Common Pl.\ne 





PI STANCE FROM 
CENTER LINE 




DISTANCE APART 
OF PLATES 












CM. 


4 CM. 


8 CM. 






1 


cm. 


5.209 


3.934 


2.758 






3 




4.819 


4.033 


3.058 






r. 




4.033 


3.943 


3.442 






7 




3.058 


3.442 


3.554 






9 




2.167 


2.669 


3.185 






11 




1.493 


1.910 


2.494 






13 




1.034 


1.318 


1.789 






15 




.727 


.896 








17 




.524 














2 CM. 


6 CM. 


10 CM. 









cm. 


4.590 


3.278 


2.2.38 






o 




4.553 


3.414 


2.402 






4 




4.299 


3.677 


2.823 






6 




3.677 


3.708 


3.288 






8 




2.823 


3,288 


3.451 






10 




2.013 


2.566 


3.113 






12 




1.390 


1.838 


2.445 






14 




0.962 


1.269 








16 




0.678 









ITenee, absorption in the apparatus being considered, a nearly uniform 

field will be obtained for the primary rays at a distance of 6 cm. from 

the skin surface when the radioactive plates are a little less than 4 cm. 

apart. 

Table XXVII 

Gamma Ray Intensities Di'e to Two 6x6 cm. 1'lates Each Containing 200 mg. 
IN 12 Tubes at a Distance of 10 cm. from the Common Plane op the Tubes 





distance from 




DISTANCE APART 






the ckntePv line 




OF 


PLATES 










CM. 




4 CM. 


8 CM. 




1 


cm. 


1.857 




1.597 


1.301 




3 




1.753 




1.561 


1315 




5 




1.561 




1.471 


1.323 




7 




1.315 




1.323 


1.286 




9 




1.003 




1.130 


1.186 




11 




.834 




.926 


1.027 




13 




.644 




.724 


.861 




15 




.493 




.561 






17 




.378 
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Table XXVII — Continued. 



DISTANCE FROM DISTANCE APART 

TUE CENTER LINE OF PLATES 



2 CM. 6 CM. 10 CM. 






cm. 


2 




4 




6 




8 




10 




12 




14 




16 





1.744 


1.450 


1.152 


1.710 


1.448 


1.168 


1.604 


1.428 


1.210 


1.428 


1.366 


1.243 


1.210 


1.243 


1.229 


.983 


1.073 


1.140 


.777 


.880 


.992 


.598 


.696 




.458 







Hence, eonsidei'in<? absorption in the apparatus, a nearly uniform field 
will be obtained for the primary rays at a distance of 10 cm. from the 
skin, when the radioactive plates are about 6 cm. apart. 

(b) Absorption in the Tissues. — We may now discuss the effect of 
absorption in the tissues in decreasing the intensity of the radiations 
below the skin surface. In order to estimate the effect of absorption 
we may compare (1) the superficial dose, i.e., the intensity of the radia- 
tions at a given point on the surface of the skin and (2) the deep dose, 
i.e., the intensity of the radiations at a given point at different depths in 
the tissues. 

Let us assume that 500 mg. of radium element screened with 2 mm. of 
lead and contained in 25 point sources is arranged uniformly on a plate 
(plane surface) 10x10 cm. and is placed so that the radium is 6 cm. 
distant from the surface of the skin. Let us also assume an absorption co- 
efficient of .01 between the plate and the skin surface. The intensity 
at the surface of the skin on a line perpendicular to the center of the 
plate is then 7.19. 

Under the same conditions, assuming an absorption coefficient for the 
tissues of .05, the intensity at a distance of 6 cm. below the surface (12 
cm. from the plato) will l)e 1.65; 10 cm. below the surface (16 cm. from 
the plate) it will be ,72; 12 cm. below the surface (18 cm. from the plate) 
it will be .57. 

Under identical conditions, l)ut assuming that the radium is placed 
at a distance of 10 cm. from the skin, the superficial dose (i.e., the in- 
tensity at a point on the surface) will be 2.299 while the deep dose (i.e., 
the intensity at a point 10 cm. below the surface or 20 cm. from the 
plate) will be .50. 

From the above, it may be seen that, with the source 6 cm. from the 
surface, the ratio between the superficial and deep dose at a point 10 
cm. below the surface is about 1 to 10; with the source 10 cm. from the 
surface, 1 to 6. The ratio of the superficial doses in the two cases is 7 
to 3; the ratio of the deep doses about 7 to 5. From the standpoint of 
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equalizing tlic <U'gj) (l<)!>e nnd the siipciiieial dose, this comparison shows 
the advantage of placing the source at a considerable distauce from the 
surface. Of course, the method of treatment from the greater distance 
has the disadvantage of requiring a larger quantity of radium or a 
longer exposure. It is evident that it is impossible also to put the source 
at a distance sufficiently great to make the superficial dose and the deep 
dose from primary gamina rays equal because of the absorption in the 
tissues. Tile decrease in intensity with distance from the source is also 
very niai-licd, TIichc difficulties may he miuimized or overcome by using 
several portals of enlry. 
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Multiple Portals of Entry 

The intensity permissible at the surface, as we have already said, can- 
not be pushed down into the depths of the body unless more than one 
portal of entry be used. Tn order to deliver, with one portal of entry, 
an intensity beneath the surface approximating? that at the surface, the 
rays should be made as nearly parallel as possible, i.e., the plate must 
be placed at a considerable distance from the skin. Under these cir- 
cumstances, the resulting? intensity at every point in the tissues is rela- 
tively low^; consequently either a larg:e amount of radium or a treat- 
ment of lonpr duration must be used. Moreover, the absorption in the 
tissue, though somewhat modified by the secondary effects, is bound to 
diminish the intensity bebnv the surface to a certain extent. For strictly 
parallel rays, the diminution amounts to from y^o to Yjo ^^ ^^^ total 
intensity per centimeter; the same, or sliji:htly more, for rays not strictly 
parallel, (divergent or convergent beams). For the latter type of rays, 
the diminution in intensity due to the inverse square law must be taken 
into account; and in addition, in any case, the augmentation due to 
secondary rays produced in the tissues must l)e considered. 

In order to determine the number of portals of entry necessary in a 
given case, one should know, if possible, the ratio between the suscepti- 
bilities of the parts that one does not wish to injure and of those that one 
wishes to destroy. It is then necessary to determine at what points the 
portals of entry can be placed; i.e., one must consider the contour of the 
skin surface as related to the position of the region to be treated. The 
only remaining requisite theoretically necessary for a complete determi- 
nation of the portals of entry is a knowledge of the intensity due to the 
radioactive source used at given distances, above or below- the skin 
surface. 

For certain very special conditirms, one can ol)tain the desired relations 
quite readily, but in the general case it ip, of course, a very hard if not 
impossible task to find the l)est possible arrangement, although ordinarily 
one can get a usable solution and therefore one sufficient for the purpose. 

Let us take, for example, a vcjy special case. Suppose a tumor situated 

at a point 10 cm. below the skin is to be radiated and that we wish to 

treat it with radium placed at a distance of 10 cm. above the surface. 

To make the problem as easy as possible, we may also assume the skin 

surface to be a circle, having a radius of 10 cm. about the point P, which 

is to be treated. (Fig. 23.) It is necessary to determine the ratio of the 

field at 8 on the surface of the skin, to that at I\ when a certain quantity 

of radium is placed at A, 10 cm. from S on the line P 8 produced. If 

absorption be neglected and the radium be taken as a point source, the in- 

M 1/ 

tensity at 8 Ls, from the inverse scpiare law, ^o <>r yr.— where M is the 
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number of millieuries of radium emanation used. The intensity at P is 

similarly / ^^ or-;^: , i.e., just Va of that at S. 

Hence, at first sijrht, in order to make the intensity at P equal to that 
at 8, one would say that it is necessary to have four portals of entry, situ- 
ated at A, B, C, and T), the effects of which would all combine at P making 
the intensity at point /' ecjual to Ihat at point S. We find, however, four 
portals are insufficient since li, (\ and D contribute not alone to the effect 
at P but also to that at aS'. Tjct us then try five portals. This number 
proves to be insufficient, and so on up to nine or more portals of entry. 

^ 

A 




D' \ "T \ 'B 



FIr. 23. — Diagram illustrating: nuiMi|ile portals of entry. 

It should be theoretically possible, by sufficiently increasing the number 
of portals to obtain an intensity at P which would be greater in relation 
to that at S than the ratio of the carcinoma dose to the skin dose. Actually 
the number of portals can be made fewer by using portals outside one 
plane, and by suitable screening. 

Let us suppose that all radiations are screened off except, for each 
portal, a beam just suiKicient to radiate the tissue to be destroyed (as- 
suming no sideways scattering]. Then the four portals required by 
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theory will be enough, provided they are placed so that the overlapping 
of beams occurs almost entirely in the diseased tissue, i.e., the portals 
should not be diametrically opposite as in Fig. 23. It is then possible 
to place the portals much nearer together. They must be sufficiently 
far apart, however, so that the four beams do not overlap nearer the 
portals than the tumor at I\ or even that three beams do not overlap 
except in the immediate vicinity of the tumor. 

Let us now place an applicator containing 1000 mc, arranged on a 
plate (10 X 10 cm.) at a distance of 10 cm. from the skin. Let us assume 
that the maximum skin dose is obtained by a])plying it for eighteen 
hours, i.e., 18000 mc. 10 cm. hours (1000x18). Actual experiments 
have proved this latter assumption to be nearly correct. The maximum 
skin dose is thus found under tlie conditions stated to be 180 mc. cm. 
, / 18,000 \ 

Assuming the ratio of 1.15 of skin dose to carcinoma dose, as deter- 
mined by Kroenig and Friedrich to be correct, the carcinoma dose that 
it is necessary to deliver 10 cm. below the surface at a point which we 
will assume to be the site of the tumor, is 156 mc. cm. hours. This dose 
can be delivered theoretically with four portals of entry, by giving at 
each portal a radiation that is slightly less than the maximum skin dose. 

The above result is easily calculated from the following considerations. 
According to the inverse square law, the intensity at a distance of 20 
cm. is Yi of that at 10 cm.; hence in order to make the intensity mul- 
tiplied by the time product at a distance of 20 cm. the same as that at 
10 cm., we must use four diflferent sites of application. The sum of the 
effects at each portal on the skin will then be equal to the total effect 
on the tumor. 

The above calculation assumes that there is no absorption in the tis- 
sues. If we assume an absorption coefficient of .05, the effect due to each 
portal will be decreased in the deep dose by e" '•; hence, since the sur- 
face dose is unaffected, the number of portals of entry must be increased 
by e®-° i.e., 4 e*"* or in other words, about (> portals will be the number 
required. 

It is possible, however, that the effect of ''scattering" the primary 
beams, i.e., the effect due to secondary radiations, nearly cancels the 
effect of absorption. 

Deep Dose Produced with X-Rays Compared with that Produced with 

Qamma Rays 

With x-rays, the problem of delivering the deep dose is even more 
difficult in some particulars than with gamma rays, because of the in- 
ferior penetrating power of the former. Hence, whatever can be ac- 
complished with x-rays can also be done with gamma rays providing the 
amount of radium necessary to produce the re<iuired intensities is avail- 
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able. If intensities «t the skin surface eoinparable with those producihle 
with x-rays can he produced with jranima rays, the intensities in the 
depths of the tissues will be far grreater when radium is the source of 
the radiations. 

It is the product of the coeflfieient of absorption and the intensity that 
really matters, howev(T. Radium is e(|ual or even superior to x-rays in 
the treatment of certain lesions involvinjr the surface layers, because 
of the convenience of its applicaticms and the closeness with which it 
may be broujrht to the points to be influenced. This nearness of applica- 
tion results in a more sharply bounded rejrion beinj? affected. There 
is also less penetration to points where radiation effects are not desired. 

X-rays possess an advantajre over radium in the fact that a parallel 
beam is more easily obtainable with the former. 

Table XXVIIT 

Rekativk TNTExsrriKs and Kffects Due to Parallel Bea^is or X-rays and Gamma 

Rays REsrEcmvELY 

rt is jisKiniie<l tlint the ciTocts of the al)sori)tioii of equal quantities of both agents are 

equal. 
Assume that the absorjjiion coeflicient for x-ray s:=0. 13; for ^umma ray8=0.033. 





X-KAYS 




GAMMA 


RAYS 


DLSTAXCE 


IXTENSITV 


EFFECT 


INTE.N'SITY 


EFFECT 





1 


.13 


1 


.033 


1 


.88 


.11 


.97 


.032 


2 


.77 


.10 


.93 


.031 


:\ 


.(iS 


.088 


.90 


.030 


4 


.no 


.077 


.87 


.029 


5 


.02 


.or)8 


.81 


.028 


(1 


AO 


.(k;o 


.82 


.027 




.10 


.0.12 


.79 


.026 


s 


.:\r) 


.0 ir, 


.77 


.020 





.31 


.010 


.7t 


.023 


in 


.27 


.03;-) 


.72 


.024 


n 


.21 


.031 


.70 


.023 


IL' 


.21 


.027 


.07 


.022 


i:j 


.1^ 


.02 1 


.<;.•; 


.022 


It 


.H5 


.021 


.03 


.021 


ir, 


.11 


/lis; 


.01 


.020 


i'n 


.07 


.oi)!» 


..'.2 


.017 


1'.' 


.'>! 


.(1(1.', 


.11 


.01.1 
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• • • 

|H>inl lu'ldw ilh' >sm"t';i<-«' i>s '^rc-itrr r..r «»;iiiiiii;i i-;iv^: tin* ctVi'd. liowover, 
i^ ur<'."il<'i' for \-i";iy^ <ln\\ n t<» 1-1 t-ni. dt'plli. '2' l''(»i" tlic siinn' «*tTrct at 

till' ^Ult";ii-r. ll(»\\('\ rr. the in1r||^il\ ;ilu| rft'ccls ;il ;in\' l)oillt Im'IoW th(» 

^in*riirr ;n-r iiiurh Lin'.iirr t*«»r L:;iniiii;i r;i\s tluni t'ni- \-i-;ivs. 

« 

'riic lil>l (it" lllr .iIk.x.' ^1;iliMIH'?l1> Hicr«'l\ llils 1'» <|n Willi t lir f«'liltiv(* 

slrtMi'jili^ <»t' ciH-li vniirrc ]tt Im' iiscil. 'I'ln' x'cnihl is (if i Ml |)'»rt M iicf ."iN ro- 
L!;ir<|s llic mmil>ri' ..t* N(»iir«Ts i.,'.. of j)t»ii;iK of ••nifx ■ ihtcssju'v. mihI iho 



DOSAGE 139 

possibility of inereasinj? tlie dose at points ])elo\v the skin to a «?reater 
value than at the skin. 

It is the ratio of the deep dose to the surfaee dose that determines the 
number of portals of entry necessary. 

In order to make the dose at a depth of 10 em., equal to that at the 
surface, at least four portals of entry are needed for the type of x-rays 
considered, while two are more than sufficient for the jranima rays. At 
a depth of 15 cm., eij?ht portals of entry for x-rays, and still only two 
for gramma rays are necessary. Two portals will still suffice for p^amma 
rays at a depth of 20 cm., while fifteen are needed for x-rays. 

It must be emphasized that the above comparison assumes that the 
beams from both types of soui'ces are parallel. 

6. Secondary Radiations 

Let us now consider the effect of the secondarv radiations in the 
tissues in augmentinj^ the intensity of the radiations below the skin 
surface. 

It was formerly believed that the relative intensity of the rays in the 
depths of the tissues, as compared with tlie surface intensity, depended 
upon two main factors, viz., the diminution of the intensity with distance 
and the amount of absorption that the rays undcrj?o in the apparatus 
and in the tissues. More recently it has beeii shown that in all mathe- 
matical calculations of the deep intensity, the secondary radiations re- 
sulting from the impingement of the primary radiations upon the tissues 
must be taken into account. (Uidzent comes to the conclusion, in a con- 
sideration of this topic, that the simple absorption laws for radium rays 
as applied to ordinary matter cannot be applied to living tissue on ac- 
count of the impossibility of estimating the secondary radiations in the 
latter. This author states, '*it is not correct, therefore, to compare the 
absorption of the rays in water with the absorption in the tissues. The 
amount of energy that is effective biologically is always greater than can 
be expected according to the simple laws of al)sorption. According 
to the calculations of Glocker, with the hardest x-rays that can be 
technically produced, the estimated or calculated dose may be increased 
by the secondary radiations in the tissues at a depth of 7 cm. by 43 per 
cent, and at a depth of 14 cm., by 77 per cent. With the more penetrating 
radium rays, the percentage will be still higher. Tn calculations that 
do not consider the secondary radiations, wrong conclusions will be 
reached. The deep dose, on account of the reasons just stated, cannot 
therefore, be estimated by mathematical calculations.'' 

Kroenig and Friedrich state, however, that the secondary radiations, 
produced by the impingement of primary x-rays on water approximate 
those produced in the tissues. Our own ex])eriments described in Chap- 
ter VII lead us to believe that the secondary radiations in tissues may 
augment the effect of the primary gamma rays by as much as 70 per cent. 
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If this be true, it lessens materially the diminution of intensity due to 
absorption. 

The Duration of the Exposure 

Surface exposures may last from a few minutes to twenty-four or more 
hours. The shortest exposures are jjiven as a rule with unscreened radium. 
Under such circumstances, beta and j^amma rays take effect. The longest 
exposures are given as a rule with heavily screened radium, the gamma 
rays only being effective. Examples of the length of therapeutic ex- 
posures are given in a subsequent section. 

The term "milligram hours" or "millicurie hours" was introduced by 
Dawson Turner to express the duration of the exposure. By these terms, 
we desitniate a number which is obtained by multinlying the number of 
msr. of radium element or of millicuries of emanation by the number of 
hours of exposure. We may neglect for the moment the decay of the 
emanation. Thus, 10 msr. or 10 mc. or emanation, employed for ten 
hours, would be expressed as **100 milligram" or ''millicurie hours." 
These terms are not altogether satisfactory' because of their relative in- 
accuracy and inadequacy. Thus the terms are without great significance, 
when expressing surface radiations, unless the other known factors that 
enter into tlie dose, i.e., the screening, the shape of the source and 
esnecially the distance — are also stated. A marked variation of any one 
of this latter group of factors alters the significance of the number of 
milligram or millicurie hours of exposure. For example, at a distance of 
1 cm., 100 mg., concentrated at a point and applied for 10 hours will give 
a very different effect from the same quantity concentrated on 100 sq. cm. 
and applied for the same length of time. The same number of mg. hours 
of exposure, i.e., 1000 may be said to have been given in both instances, 
however. 

Another element of inaccuracy consists in the fact that the quantity 
multiplied by the time is relatively accurate only within certain limits. 
Thus, at identical distances, 100 mg., contained in a tninute capillary 
tube, applied for one hour, and one milligram contained in a similar 
tube and applied for 100 hours, will give different effects and yet the 
number of mg. hours of exposure — i.e., 100 — may be said to have been 
given in both cases. The biologic changes in the tissues during the 
longer exposure are probably responsible for the difference in the ob- 
served effect. 

This brings up the question of whether the biologic action is the same 
if one employs a large intensity for a short time or a smaller intensity 
for a longer time. According to Kroenig and Friedrich's experiments 
with x-rays, if the ratio of intensities employed is equal to 1 to 5 the 
degree of a biologic action for the same dose is independent of the in- 
tensity. For ratios greater than 1 to 5 the degree of the biologic action 
for the same calculated dose is greater for the greater intensity. Accord- 



DOSAGE 141 

ing to these authors, therefore, if we assume this statement to hold for 
radium, it may be roughly estimated that 20 mg. applied for ten hours 
would give approximately the same biologic effect as 100 mg. applied 
for two hours, provided the other conditions of the application are iden- 
tical. In both cases, 200 mg. hours would be the calculated dose. On the 
other hand, 20 mg. applied for ten hours would give a less intense effect 
than 200 mg. applied for one hour, although In both cases the dose may be 
stated to be 200 mg. hours. Practical experience has shown that the biolog- 
ical effect is not the same for large variations of the time and intensity. 
It should be possible, however, to determine more accurately the biologic 
effect of variations of these two factors by a sufficient number of experi- 
ments. ''The physiological effect of the radiation must depend largely 
but not entirely upon the total ionization produced during the treat- 
ment per unit volume of tumor, which is substantially a measure of the 
energy absorbed. It is evident then that the intensity of radiation at the 
point we want to affect and the time of exposure are equally important. 
But we can produce the same total ionization by a small intensity of 
radiation and a long exposure or vice versa and the question is whether 
it makes any difference physiologically which method we use. 

"For small variations, it makes no appreciable difference if the time of 
exposure is increased in the same proportion that the intensity of radia- 
tion is decrea.sed or vice versa. But if we increase the intensitv 100 times 
and decrease the time 100 times we cannot expect to obtain the same 
result as before. Apparently then there is an optimum intensity of radia- 
tion coupled with a definite time of exposure but, unfortunately, the 
relation between the two varies with the nature of the tumor, etc., and 
cannot be determined except by experience.'' (Failla.) 

In spite of their limitations and relative inaccuracies we believe that 
the expressions ''milligram'' and "millicurie hours" serve a useful 
purpcse and should not be discontinued. When these terms are used, 
however, the other factors already mentioned that are of importance in 
estimating the dose should also be stated. As the third factor of most 
importance is usually the distance of the source from the surface, I 
would suggest that in the use of the terms "milligram" and "millicurie 
hours," the distance in centimeters be stated. Thus, one may say, 100 
milligram-centimeter-hours or 100 milligram-10 centimeter-hours, the 
first expression meaning that at a distance of one centimeter and the 
second that at a distance of 10 cm., 100 mg. hours were given. 

Millicurie Hours 

While the number of "milligram hours" may be easily found by mul- 
tiplying the number of mg. used by the number of hours of exposure, 
the problem is not so simple when one wishes to compute the number 
of ''millicurie hours," on account of the decay of the emanation, which 
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loses approximately 16 per cent of its activity each twenty-four hours. 
It is of importance, therefore, to determine the amount of emanation 
with which it is necessary to start a given interval (treatment) in order to 
have a given mean value during that interval. This is shown in Table XXIX. 

Table XXTX 



TIME OF AITLICATIOX VALUE, I.E., NUMBER OF MILLICURIES 

IN IIOUHS NECESSARY TO START WITH IN ORDER 

TO HAVE MEAN VALUE OP 100 



1 


100.4 


2 


100.75 


3 


101.1 


4 


101.5 


5 


101.9 


6 


102.3 


7 


102.65 


8 


103.0 


9 


103.4 


10 


103.8 


11 


104.2 


12 


104.55 


13 


104.95 


14 


105.3 


15 


105.7 


10 


lOC.l 


17 


106.5 


18 


106.9 


19 


107.3 


20 


107.7 


21 


108.1 




108.5 


23 


108.9 


24 


109.3 


30 


111.6 


30 


114.2 


42 


116.5 


48 


119.1 



In most cases it is sufficient to take the reciprocal of the value which 
the strengtli will t^kc at the middle of the period of application. Thus 
for 48 hours to take 

100 . 100 

value present 24 hours later ^'^'^ e— 'Coo-mho 

or, approximatelv, tt^tt = ^/5 x 100 = 120 

5/0 

This holds more accurately for a shorter period, less accurately for a 
longer one. 
We may now give a few illustrations of dosage. 
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1. Superficial Radiations 

Kadium Salts in Plaques. — ^For many skin diseases, Y^ strength appli- 
cators may be used. It is convenient to have four applicators which may 
be laid side by side to form an area of 16 square centimeters. The total 
quantity of radium element in the four applicators is thus 20 mg. With 
this type of apparatus, a caustic dose may be easily and even inad- 
vertently given if no screen is used and the time of application unduly 
prolonged. For the most superficial effects, one may give an exposure, 
if the apparatus is unscreened except for the rubber dam in which it is 
wrapped, of from three to five minutes. Such exposures should not 1)C 
repeated more than two or three times in the course of a week. 

Such treatments are adapted to superficial skin diseases. 

For skin disorders that are somewhat infiltrated and require deeper 
effects, the apparatus may be screened with 0.1 mm. of lead and an ex- 
posure of from one to four hours in several periods may be given. 

For the production of still deeper effects, the apparatus may be 
screened with a layer of lead 1 mm. thick and an exposure of six 
or more hours in several periods may be given. In all the above ex- 
posures, the apparatus may be applied in close contact with the skin. 
If the screening is 2 mm. of brass and the distance from the skin is in- 
creased to 1 cm., an exposure of forty-five hours in three periods may be 
given. 

Radium Salts or Emanation in Tubes. — For superficial effects, 50 
mg. or mc. may be concentrated on an area of from 4 to 6 square cm. 
The screening may consist of a layer of silver .5 mm. thick plus a layer of 
rubber 2 mm. thick. An exposure of from three to four hours may be 
given, when small areas such as from 4 to 6 square cm. are treated. 

For the production of somewhat deeper effects, the screening may be 
increased to 1 mm. of silver plus 1 cm. of rubber or wood. An exposure 
of twelve hours or more may be given when small areas such as 4 to 6 cm. 
are treated. 

2. Deep Radiations 

For deep effects, plaques or tubes containing radium salts or tubes 
of radium emanation may be used. For influencing deeply seated tumors, 
exposures lasting from ten to thirty or more hours in periods of ten or 
more hours each are suitable. 

The radium plaques or tubes may be arranged side by side on a plane 
surface having, e.g., an area of 100 square cm. 

The routine screening in these treatments is 2 mm. of brass or its 
equivalent of another metal. The radium is placed at a distance of from 
6 to 10 or more cm. from the skin surface. The use of not less than 
500 mg. or mc. is necessary in most cases; in other cases not less than 
1000 mg. or mc. should be employed. If 500 mg. or mc. are used, a 
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total exposure of 25 hours at a distance of 6 cm. may he given in two or 
more periods. At a distance of 10 em., a total exposure of 36 hours may 
he ja:iven in two or more periods. With 1000 mg. or mc. under the -same 
conditions, ^2% hours may he given at a distance of 6 cm.; 18 hours 
at a distance of 10 cm. If emanation is used, due allowance must he 
made for its decay. The exposures may he given in two or more periodic;. 

INTRATUMORAL RADIATIONS 

In some cases, as has heen said hefore, the radioactive material may 
he inserted directly into the tumor tissue. Radium salts in metal needles 
may he used for this purpose or radium emanation contained in metal 
needles or glass ampoules may he employed. I u.sually prefer radium 
emanation in glass ampoules. 

At the present time, the exact dosage employed in metal needles is 
largely a matter of experience and judgment on the part of the oper- 
ator. Speaking very generally, 5 steel needles having a wall thickness 
of 0.4 mm. and each containing as much as 10 mc. of emanation may be 
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left in the tissues six hours. In all cases needles should not be inserted 
nearer to each other than 1 to 2 em. Prior to Bagg*s experiments, which 
have already been referred to, the dose used in the insertion of the glass 
emanation ampoules was larger than we now employ. This author's 
experiments have shown the advisability of using relatively small doses. 

In dealing with smaller growths, it is sometimes advisable to increase 
the dose suggested by Bagg. We frequently employ in treating the 
smaller growths 5 mc. of emanation per c.c. of tumor tissue. This amount 
of emanation may be contained in several ampoules. When treating the 
larger growths, 0.5 mc. per c.c. of tissue may be suflficient, when the 
total amount of emanation equals from 25 to 3t) mc. When the latter 
quantity of emanation is used, a larger amount of "cross firing'' from 
the different tubes naturally takes place than when smaller quantities 
of emanation are employed. 

Methods of Decreasing and Increasing the Badiosensibility of Tissues. 

— The question naturally arises whether it may be possible especially in 
deep therapy to make the skin more insensitive and the tumor more 
sensitive to the radiations. Schwarz has demonstrated that the radio- 
sensibility of the skin is dependent to some extent on its plethora. In 
order to create an anemia of the skin and thus render it less sensitive, 
this author used compression of the surface by thin wooden plates and 
showed that the skin was able to stand without injury doses of radium 
that otherwise injured it. H. E. Schmidt and others have confirmed this 
observation. Reicher and Lenz have suggested that a diluted adrenalin 
solution be injected into the skin in order to render it anemic. Chris- 
toph Mueller-Immenstadt has used high frequency currents for the 
same purpose. He states that this procedure not onl}^ desensitizes the 
skin, but renders the underlying tumor more sensitive because of the 
coincident plethora produced in the tumor. This observation has not 
yet been confirmed. Several authors have endeavored to sensitize 
tumors by means of injections of different chemicals, such as eosin, etc. 
Werner injected lecithin and cholin into tumors for the same purpose. 
The injection of the various substances just named has not led, however, 
to any practical results. (lauss and Lemcke, Mueller-Immenstadt 
and others have suggested that by injecting into tumors substances of 
high atomic weight, such as electrocuprol, cuprose, etc., the formation 
of secondary rays ijn the tissues might be increased. Halberstaedter 
and Goldstuecker radiated trypanosomes which had been immersed in 
colloidal metal solutions and showed that tliey had become more sensitive 
to radiations than the controls which were immersed in salt solution. 

It is hoped that future researches may widen the scope of these ex- 
periments. Up to the present time, however, the attempts at desensitizing 
the skin and sensitizing the tumor have not proved of any utility in 
actual practice. 



CHAPTER XIV 



THE TECIINIC OF RADIATION 

It is manifestly impossible to give a oomplete description of all of 
the methods of applying the apparatus for the various objects of radia- 
tion. We may, therefore, limit ourselves mainly to a discussion of the 
different principles involved. 

It is important that the operator should have the requisite knowledge 
of the amount of radium in the apparatus, the quantity and quality of 
the rays passing through the screens, and the effect on the skin at the 
given distance. 

There must also be a clear understanding of the object of the radiation. 
The kind of tissue that is to be treated or destroyed together with its , 
situation and extent must be known as far as possible. 



(a) SURFACE RADIATIONS 

1. Superficial Radiations 

The lesion to be treated, if superficial and on the skin, may be gently 
cleansed if necessary and the rubber, wood, gauze or other material of 
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In the treatment of a lesion of the mucous membranes, the tubes may 
be attached to a wire or other carrier, covered with the desired thickness 
of rubber or gauze and then, after being encased in a finger cot, applied 
directly to the lesion. In order to protect the normal tissues adjacent to 
a lesion on the skin, one may use a sheet of lead 2 to 4 mm. thick in 
which an aperture is cut to fit the lesion. This lead absorbs 8 to 15 
per cent of the gamma rays and while it does not, of course, protect 
the normal tissue completely, it affords a relative amount of protection 
that is ordinarily sufficient. It must be remembered that if the radium 




Fir. 25. — Forceps 30 cm. long for handling r.idium tubes. 

tube is held at a distance of several millimeters from the lesion by the 
lead protector, this distance must be taken into consideration in estimat- 
ing the dosage. In accordance with the law of inverse squares, the in- 
tensity of the rays from a single tube diminishes very rapidly as the 
distance of the tube from the lesion increases. 

For the relative protection of the eyeball in epithelioma of the eyelid, 
we use a specially constructed gold screen, made after the model of 
an artificial eye. It is always desirable if possible to protect hairj' 
regions, such as the eyebrow, from the action of the rays. 

For applications to the diflferent natural cavities of the body, various 
methods may be used to suit the requirements of the case. 




Fig. 26. — Three i)ronged forceps 30 cm. long for handling ra<lium tubes. 

In the vagina or uterus, gauze packing suffices as well as anything for 
holding the tubes in position. Heavily screened tubes placed against 
the cervix will not ordinarily injure the healthy adjacent vaginal mucous 
membrane if sufficient packing is used to separate the walls of the vagina to 
the fullest extent. "Distance'* in addition to the screens on the radium 
protects the healthy tissue sufficiently. 

In the nose, mouth, esophagus, rectum and bladder, the tubes may be 
attached to a pliable silver wire which can be bent to the required angle 
and fastened to the adjacent skin. In addition to the wire it is always 
advisable to have the radium tube anchored by a long silk thread which is 
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also fastened to the neighborin<i^ skin by adliesive tape. This procedure 
is a precautionary measure in case the wire should break. 

For the protection of the rectal wall opposite to a circumscribed car- 
cinoma of the organ, we insert a finorer cot which may be distended with 
air by a catheter. In this case, also, distance protects the healthy, bal- 
looned out, mucosa. 

For some years, especially in mouth cases, w^e have made use of the 
dental modeling compound suggested by Janeway. This material can be 
fashioned to suit the outline of any growth that is accessible and the 
tubes may be laid in little troughs in the compound. By this device, 




Fig. 2S. — Screen holders. These instruments are of two different sizes and enable the 
technician to grasp the cylintlrical screens containing the emanation tubes. One end of a screen 
is shown inserted into the holder. A similar h(»lder (not shown in the photograph) grasps the 
other end of the screen. The technician may thus screw the two parts of the screen together, 
without allowing the lingers to come in contact with the radium tubes. 

the tubes nuiy be held in position without much discomfort to the j)a- 
tient for tlie required length of time. 

The amount of radium to be used in superficial treatments naturally 
varies with tlie purpose of the radiation. 

For example, if a tumor is very small and superficially situated on 
the skin, a plaque of radium containing as small a quantity as 10 mg. 
may sometimes be used. The beta rays from such a plaque may be uti- 
lized by employing little or no screening. The plaque may be placed in 
direct contact with the lesion or at a distance of a few millimeters from it. 




Fig. 29, — Same apparatus as in Fig. 28 but of smaller si/e. 



When dealing with larger superficial growths on the skin 200 or more 
milligrams may be retjuired. The radium may be contained in plaques 
or tubes that are screened with 1 mm. of silver or its equivalent and may 
be separated from the lesion by 1 cm. of rubber or wood. 

For epithelioma of the miu*ous meml)rancs, it is seldom wise to use 
less than 200 milligrams of radium element or mc. of emanation. 

In using the technic suggested above, more or less local infiammatory 
and even destructive action may be produced by the radium, although 
certain lesions may retrogress without macroscopic evidences of in- 
flammation. 

The biologic effect of the radiation naturally depends on the technical 
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coiulilioiis of tins iipplicntioii, i.e., Ihe qiiaiility of radiuin, tlie sliape of 
the applicator, tlic siTcciiiiiti, the distance and the duration of the ex- 
posure. 

The frequency of repetition of superficial treatments depends, of 
course, on the dose employed. Exposures may be given daily or on 
alternate days or twice weekly, etc.. depending on all the eireumstanccs. 




2. Deep Badiations 

In posli[iorl<'iii exjiniiiiatioiis of cancer of the cervix which had been 
treated by pliieiii(i radiiim in or ajrainst llic cervix, Bumm found that 
cancer cells were destroyed up to a distance of 2'^ to 3 cm. from the 
radium tube. At a distance of 4 cm,, vigorous carcinomatous cells in 
frroups as larftc as peas or cherries were found in the parametrium. Be- 
yoiul 5 cm,, canceioiis lyin])h glands were found that were iiol 
affected. As a rcsidt of Iht'se observations, Bumin's dictum that riidiuni 
lias an efTeclive area of inllnenee of not more than from 2 to 3 cm., was 
widely accepted. 

According to the earlier observations iif Wickliam and Degrais, radium 
ray.'i may peneli'ale efl'eettvely to a depth of at least 9 cm. 

Kroeiiig has rci'ciitly staled that it is possible to radiate successfully 
a carcinoma of tiie cervix uteri through the abdominal wall, i.e., the 
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rays penetrate effectively to a deptli of at least 10 cm. Kelly ami Burn- 
liara and many others have successfully radiated mediastinal and ab- 
dominal tumors. In such cases it may be estimated that the rays pene- 
trate to a depth of at least 10 cm. 

Kroeni^ and Gauss have stated that the rays from 500 m*^. of radium 
element that is distributed on a plate api)aratus placed at a distance of 
6 cm. from the skin may penetrate effectively to a depth of from 14 to 
16 cm. It is evident that Bumm's dictum, that radium rays will not pene- 
trate effectively into the tissues to a distance of more than from 2 to 3 cm., 
must be given up. Under certain conditions, such as existed in Bumm's 
cases, his conclusions were undoubtedly correct. For example, in the 
treatment of cancer of the cervix uteri, even though the quantity of 
radium be very large and the duration of the treatment prolonged, the 




Figf. 31. — Tandem gold screens for holding one or more enamel emanation tubes. These 
screens have a universal thread so that a radioactive rod of any desired length may be made. The 
proximal end of the apparatus is attached to a long flexible silver wire. Length of each screen 2 
cm., outside diameter 4 mm., wall thickness 0.8 mm. 




Fig. 32. — Platinum screen for containing a glass emanation tube. A long silver wire is 
screwed into the end of the screen so as to facilitate its introduction into small cavities. Length 
of platinum screen 2 cm., outside diameter 2 mm., wall thickness 0.5 mm. 




Fig. 33. — Screen for inserting radium tul>es into the esophagus. The bulb on the distal end 
may carry a silk thread for gui<iing the instrument. A *'screw-nut" slides on the wire, so that 
the distance from the applicator to the patient's teeth may be easily maintained. 

effective raying of distant cancerous masses by means of a tube placed 
within the cervix may be practically impossible. Long before cancer cells 
situated near the walls of the bony pelvis, (i.e., about 6 cm. distant from 
the tube) would be seriously alTected, an enormous overdose would be 
given and a dangerously destructive action might be produced on the 
tissues adjacent to the tube. 

On the other hand, if a quantity of radium sufificient to give an ade- 
quate intensity is properly distributed on a i)lane surface of sufficient 
size and is placed at a sufficient distance from the lesion, the depth to 
which the rays will effectively; penetrate without untoward effects may 
be enormously increased. There is abundant evidence that indicates, 
as has been shown in the previous chapter, that by this method of pro- 
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cedure it is jmssilili' lo nuliiite any pmt of tlio body with an intensity 
(if ray.s |)ii«eiful i>iiiiu<r]i to destroy malignant colls, however deeply 
situated. By UKJiitt diffci-ent portals of entry, almost any part of the 
body may he hrimght, for jmrposeK of radiation, within a distance of from 
10 to 14 cm. from tlic surface of the skin. The limitations of radium 
therapy, therefore, are not those imposed hy the inahility of the rays 
to penetrate with an adeiiiuite intensity to a sufficient depth, hut rather 
by the fad that serious injury to normal structures may be caused by 
the delivery of too liirtre a dose of dcej) niys. It must be especially 
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For the treatment of deeply seated tumors or other pathologic tissues, 
when the overlying skin or mucous membrane is to he preserved, pads or 
packages of various sizes are used in order to s've the desired distance. 
These pads are made up in advance to suit the individual case by using 
a number of small square blocks, made of soft >vood, balsa wood, cork 
or hard rubber. A suitable size for these blocks is 2x2>il cm. The 
blocks may be fastened together by adhesive tape to form various sized 




packages. On account of tiie joint.s formed by the tape, even the larger 
pads have a certain degree of Hexibility. On these packages or pads the 
tubes are placed in parallel rows or in accordance with any desired ar- 
rangement. The tubes may be lieUI in place by si rips of adhesive tape. 




The size of these large packages varies in acein-dance with the lesion 
to be treated. We frequently use packages having the dimensions of 
6x6x6 era. or 10x10x10 cm. (Sec Fig. :U.) In order to rcluce the 
weight of the larger wooden packages ami to minimise the annmnt of gamma 
ray ab.sorption in the applicator, we till the center of each package with 
cotton, the small wo(iden blocks forming merely the outside or shell of the 
package. In applying the packages canning the radium, the so-called "cross 
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fire" mclliod suggested Iiy Wiekhain should be utilized to the utmost. 
In accordance with this priiu-iple, subcutaneous tumors are attacked 
from as many tliffercut angles or sides as possible, in order to deliver 
the greatest possible volume of rays to the deeper parts of the growth 
and at the same time spare the overlying skin. The periphery of a tumor 
is always attacked first. As we have pointed out in the previous chapter, 




in order to produce a uniform field of radiation at the skin surface, the 
radium packages in which the radium is 6 cm. from the skin sbould be 
4 cm. apart; if tlic radium is 10 em. from the skin the packages should 
be fi em. apart. Otherwise some sort of a shield should be used in order 
not to give au overdose to a sinsrle skin area. 
If large and deeply seated tumors, such as may occur in the neck, 
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breast, abdomen, pelvis, etc., are present, there should be used for the 
radiations not less than 500 to 2000 or more millip:rams or millicuries. 
The radium should be placed at a considerable distance, e.j?., ten or more 
centimeters from the skin. The tubes or plaques may be evenly arranged 
according: to the desired method of distribution on one side of the wooden 
package just described. The opposite side of the package is pbaced on 
the skin. All of the requirements of proper distri])ution of the radium, 
its distance from the skin, etc., may thus be fulfilled. In addition, every 
area of skin from which the tumor can be attacked should be homo- 
geneously radiated as we have just described. 

By this method of procedure, a deep gamma ray eflFect is produced, 
but there is little or no local inflammation of tissue next to the applicator, 
if the duration of the exposure is correct. 

Employing 1000 mg. distributed over an area of 100 s(|. cm. and placed 
at a distance of 10 cm. from the surface, the safe limit of skin toleration 
is about 18 hours. If 2000 mg. are usod, 9 hours may be given. This 
exposure may be divided into two or more periods. An interval of several 
days should elapse between each period. 

It must be emphasized that the al)ove dosage cannot be repeated with 
impunity because of the deep effects (m normal tissue. A second course 
of treatment, given six weeks later, should not consist of over 5000 mc. 
or mg. hours. These doses were suggested by Janeway and Failla and 
they accord in a general way with my own practice. 

In using adhesive plaster to bind the radium packages to the skin, 
it must be remembered that the epidermis that has been rayed heavily 
is unusually sensitive. Superficial excoriations may easily occur and 
may become a source 9f great annoyance to the patient. Great care should 
be employed therefore in applying and removing sticking plaster in 
such areas. 

(b) *'INTRATUMORAL^^ RADIATION 

(1) The insertion of radium salts or radium emanation in metal 
needles into the tissues. 

In the use of metal needles the following precautions should be ob- 
served: (1) An aseptic technic is necessary inasmuch as screened radium 
does not have a marked antiseptic effect. (2) Several needles of moderate 
strength should, if possible, be used, rather than one strong needle, in 
order that an even distribution of the rays may be produced in tlie entire 
growth. (3) It is important that a certain (piantity of healthy tissue 
should surround the growth in order that repair may be accomplished. 
(4) The quantity of radium embedded in a growth depends upon the size 
of the tumor and the thickness of the needle wall and to some extent upon 
the situation of the growth. Encapsulated organs, such as the tonsil and 
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the prostate, are especially suitable for needling. The needles should 
not be inserted into normal tissue. 

(2) The insertion of bare glass ampoules containing radium emanation 
into the tissues. 

The method of treating tumors by the insertion of bare glass emanation 
tubes or ampoules is one of considerable promise. Indeed it is not too 
much to say that this method has almost revolutionized the treatment of 
certain localized tumors. The method appears to have been suggested 
first by Duane. It has been employed extensively by Janeway and his 
coworkers at the Memorial Hospital in New York, by Kelly and his as- 
sociates in Baltimore, by the writer and many others. 

The glass emanation ampoules that are used are ordinarily about three 
millimeters long and 0.3 mm. in diameter. They may be inserted into the 
tumor in proper cases and allowed to remain in situ. Over 90 per cent 
of the activity is lost in two weeks and they decay practically to zero 
in about forty days. Each tube during the entire time of decay gives a 
dose that may l)e expressed in millicurie hours by multiplying 132, i.e., 
5|/» days, by the number of millicuries originally in the tube. We assume 
in the foregoing calculation that the tube has not been broken during 
the insertion and that it remains in the tissues until its complete or 
nearly complete decay. It is advisable to combine in some cases the 
insertion of the emanation ampoules with powerful surface gamma ray 
radiations. 

In the introduction of the ampoules, the following technic suggested 
by Failla may be used : The glass emanation ampoules may be boiled 
and inserted into the sharp end of a sterile needle which admits a plunger 
at the other end. It is convenient to have at hand .a number of needles, 
each of which is loaded in this manner. After insertion into the tumor 
tissue, the needle should be withdrawn a few millimeters just before 
the plunger ejects the ampoule so that the danger of breaking the am- 
poule by forcing it against the tissue is ol)viated. One may also withdraw 
the needle simultaneously with the ])ushing in of the plunger. The 
ampoule thus rests in the minute cavity formed by the sharp end of the 
needle. I luive devised a small instrument, which has been previously 
mentioned, for tlu' iiisei-tion of tjic iimpoules. ( l''i«»:. M.^ 

While theoreticiilly some sli^^ht (hiii^nT of iuducinu' inet;ist;isis or trans- 
^lantin»r tumor cells may he incurred ])\ this metliod, 1 <iin of the 

v:ni«»n that this (hnijicr is iiei:li«j:il)Ie if tiie teciinic is coiTcct. 

TV.-' t«»llowin}i' suii:^^est ions luay he ohsci-xcd in the insertion of the 

. -', --^^>i: — Ase])tic precautions must he used; each ampoule should not 
■ ••-;•: 'y.-'TK' than three millicuries of emanation; the ampoules should 

,. -.^.-' ..• ai^out one cm. apart ; care shouhl he taken not to implant 

. .., ■ - j-r,. vessels, ner\'e trunks, hnnes or thin-walled viscera; if 
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possible to avoid it, the ampoules should not be inserted into healthy 
tissues. 

A zone of necrosis forms around each ampoule a week or more after its 
insertion. Healing occurs in from four to eight weeks and in favorable 
cases a smooth cicatrix is left. 

The quantity or dose of radium emanation to be used in intratumoral 
radiation is considered in the Chapter on Dosage. 

It must be especially emphasized that the effects of radiation re- 
sulting from the introduction of radioactive substances into tumors are 
strictly localized. The method is evidently not suited for the treatment 
of large, deeply situated lesions. Such lesions must usually be attacked 
by the method of deep gamma ray radiation that has already been de- 
.scribed. 

In some cases, the two methods, intratumoral radiation and deep 
gamma radiation, mav be advantageouslv combined. 



CHAPTER XV 
RADIUJM IN GENERAL SURfiERY 

A. MALIGNANT TUMORS 

Carcinomata exhibit different degrees of radiosensibility. Adler has 
tried to determine whether this differenee in sensibility depends on the 
histologic structure of the tumor. According to this author's investiga- 
tions, rapidly growing carcinomata of the primary glandular type are 
almost refractory to radium while with the sclerotic types developing 
more slowly excellent results are frequently obtained. Bumm and 
Schaefer on the other hand have found that the so-called medullary car- 
cinomata, in which the supporting stroma is scanty, are more easily 
influenced by radium than the sclerotic types. According to these 
authors no carcinoma has been observed that can resist radium. Kroenig 
and Friedrich also state they have found that every carcinoma can 
be influenced by radium if it is applied in the correct technical manner. 
They point out, however, that a difference in effect is to be observed in 
noncachectic and cachectic individuals. The former class of patients 
usually responds well, while in the latter class, heavy radiations may be 
ineffective or even dangerous. On this account these authors would 
exclude markedlv cachectic individuals from treatment bv radiations. 
In this view they are supported by Gudzent. Klein has shown that in 
the tissues surrounding carcinoma there is a so-called battle zone con- 
sisting histologically of advancing carcinoma cells opposed by leuco- 
cytes and connective tissue cells. In cachectic individuals, this zone is 
scarcely to be found, although the carcinoma may be advancing rapidly. 

From the clinical point of view, practically all observers agree that 
carcinoma in individuals who are in a relatively robust condition is much 
more susceptible to radiations than carcinoma occurring in the cachectic. 
We have seldom seen even good temporary results in those who exhibit 
considerable cachexia. 

Summing up the different views, we may conclude, in spite of some 
opinions to the contrary, that all accessible carcinoma is probably more 
susceptible to proper doses of radiation than most normal tissues. There 
is little doubt, however, that carcinomata of different and even of the same 
pathologic types exhibit considerable variation in their response to ra- 
dium. Whether this depends altogether upon some difference in the 
radiosensibility of the tumor cells, it is impossible at present to decide. 
The writer believes that the radiosusceptibility of the growth is the 
most important factor. Other factors, however, in all probability «ire 
also at work in determining the response of the tumor to radiations. 

158 
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(a) Operable Malignant Tumors 

Janeway has raised the question of the advisability of treating pri- 
marily with radium certain cases of cancer of the mucous membranes 
even though they may be operable. Gudzent states that it is justifiable 
to treat with radium selected cases of operable carcinoma provided the 
necessary surgical experience and an adequate knowledge of the technic 
of the application of radium can be combined. In cancer of the cervix 
uteri, even though it is operable, Bumm, Doederlein and Kroenig have 
abandoned operation in favor of radium therapy. Nearly all radium 
therapeutists are in accord, however, that with the exception of certain 
selected cases of epithelioma of the skin, and mucous membranes, oper- 
able growths should be operated upon. 

We have already mentioned that a certain type of malignant tumor in 
mice frequently cannot be successfully transplanted after radium treat- 
ment. The most rational procedure, therefore, even in dealing with 
clearly operable malignant disease is first to treat the growth and the 
lymphatics draining the involved area with radium. Immediately after- 
ward, operative removal of the tumor should be carried out. A few- 
weeks later, postoperative prophylactic radiations should be given. 

(b) Inoperable Malignant Tumors 

In inoperable cases of malignant disease, treatment with radium has 
been followed in numerous cases by a clinical recovery that has some- 
times been maintained for a number of years. Radium, therefore, gives 
promise at least of a certain amount of relief even in those cases in which 
surgical procedures are inadvisable. It is of the utmost importance to 
bear in mind, however, that the inoperable cases submitted to radium 
fall into two categories: (1) Those in which it seems best to make a 
strong effort to bring about a clinical recovery. (2) Those in which only 
palliative treatment is advisa])le. Failure to recognize the latter class 
of cases will result in disappointment and even may cause great harm. 
Indeed, it is better to omit treatment altogether rather than to attempt 
the impossible and cause additional suffering from radium eflFects. 

The whole principle of the disappearance of carcinoma or other malig- 
nant growths under the influence of radium rays is based on the fact that 
the tumor cells are more susceptibh* to the rays than the normal tissues. 
According to many different authors, certain types of carcinoma cells are 
four to seven times as sensitive as most normal cells. According to 
Friedrich and Kroenig 's experiments with x-rays, the radiosensitiveness 
of breast carcinoma to the middle epidermal cellular layer is in the 
ratio of 170 to 150, i.e., 1.15 to 1. In other words, a dose of x-rays 
that will not destroy the epidermis will cause the resolution of breast 
carcinoma. Certain cases of squamous cell carcinoma are probably only 
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sliofhtly more radiosensitive than the middle epidermal layer. Radia- 
tion that falls short of destroying normal tissues will often cause necrosis 
and disappearance of the tumor itself. One strives, therefore, to produce 
with radium a change in the growth that will not at the same time be 
accompanied by serious injury to the healthy tissue. This is best accom- 
plished by giving maximum doses at the outset. Subsequent doses 
should always be of less intensity. 

Some authors believe that a single intensive dose is best in dealing 
with malignant growths. This procedure seems to me, however, to be 
practical in only a few cases and sometimes is not without danger to the 
patient. Ordinarily, several intensive doses at suitable intervals are in 
my opinion to be preferred. 

In many inoperable cases that come under radium treatment, metas- 
tasis has already taken place. Tn such cases, palliation is all thjit can 
ordinarily be hoped for, although the primary growth can occasionally 
be healed by radium. 

We may now refer to the radium treatment of malignant disease oc- 
curring in different situations in the body. 

THE TREATMENT OF CARCINOMATA 

For convenience of description we may group together carcinomata 
affecting the different organs. 

1. Epithelioma of the Skin 

The problem of treatment of epithelioma of the skin depends to a 
great extent upon the type of growth that is present. 

(a) Squamous-cell Epithelioma 

If the case is considered operable by the surgeon and the adjacent 
glands are palpable, the draining lymphatic glands and growth may be 
excised **en bloc.'* If the glands are not palpable, operation may be 
limited to the growth and radiation given to the glands. There is little 
doubt, however, that even in distinctly operable cases, preoperative 
radium treatment will be of advantage. At the time of operation, emana- 
tion ampoules may be buried in the operation field. After operation, 
prophylactic radiations should also be given. Ov(»r dosage should be 
guarded against. With an early diagnosis, recovery should be brought 
about in at least 95 per cent of the cases. 

Inoperable cases of squamous-cell epithelioma may frequently be re- 
tarded in their progress for considerable periods of time and in some 
instances a clinical recovery may be brought about. The diagnosis of 
squamous-cell from basal-cell epithelioma is frequently impossible with- 
out a microscopic section and as it is often inadvisable to obtaui this a 
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few of the clinical points of difference may be indicated. (1) Its loca- 
tion. Epitheliomas of the lower lip, ton«:ue, penis and extremities are 
usually of the sqiiamous-cell type. One-half of the epitheliomas of the 
upper lip are also of this type. (2) A papillomatous aspect to the grrowth 
is indicative usually of squamous-cell cancer. (3) Rapidly growing epi- 
theliomata with metastases to the adjacent lymphatic glands are prac- 
tically always of the squamous-cell type. 

It must he emphasized, however, that there is no absolute rule holdinj? 
in all cases that allows of a complete clinical differentiation. 

The technic of the radium treatment of squamous-cell epithelioma of 
the jjlabrous skin when it is for any reason inoperable naturally varies 
with the clinical type. 

For very small and superficial growths ''one (piarter" or "one half 
strength'* glazed plaques may be used. Screened with 0.1 mm. of lead 
and applied in direct contact with the skin, a total exposure of six or 
more hours may be given in several periods of one to two hours each. 

Tn dealing with larger, deeply infiltrated and ulcerated growths, it is 
best to use only gamma rays. Tn some cases two hundred millicuries, 
screened with two millimeters of brass and arranged so that it is con- 
centrated in the proportion of 5 millicuries per .scjuare centimeter 
may be applied at a distance of 3 centimeters for thirty hours in periods 
of ten or more hours each. Tn six weeks, if there are evidences of the 
disease persisting, a similar c(uirse but of less intensity should be given 
provided signs of radium reaction are absent. Oreat care should be 
taken to avoid ''burns'' which may be vovy painful and prevent further 
treatment at a critical time. Some advise vigorous treatment with un- 
screened applicators for certain refractory types and even in ordinary 
eases. This procedure, however, causes considerable inflammatory re- 
action and if unsuccessful precludes for a time further treatment in most 
cases on account of the pain. We prefer, therefore, the former method 
in ordinary cases but in some cases we resort to the unscreened glazed 
applicators. Tn some cases bare emanation ampoules may be buried in 
the growth. For the prophylactic treatment of the adjacent lymphatic 
glands powerful deep radiations are advisable. Four hundred millicuries 
(5 mc. per square cm., 2 mm. screen, 6 cm. distance) may be applied for 
a total of thirty hours. 

(b) Basal-cell Epitheliomata 

In the treatment of basal-cell epitheliomata, radium, in our judgment is 
the most satisfactory agent we possess and sometimes succeeds when 
everything else fails. Tn spite of some statements to the contrary, we be- 
lieve that this type of epithelioma is one of the most amena])le of all 
types of new growth to radium. Failure may, of course, occur in very 
extensive cases in which the loss of tissue is very great and rej)air is 
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Rpoakiiijif very p:enerally if tin* lesion is less than n centimeter in diameter 
and is not deeply infiltrated, radium may be used alone with expectation 
of success in selected cases. Lar<rer lesions should be treated by pre- 
operative radiation and excision, l^ostoperative radiation is always 
advisable. 

In the application of radium to the jjrowth, the usual technic consists 
in the use of not less than 200 to 300 mc. This niav be screened with 
1 mm. of silver plus 2 mm. of rubber. One should radiate an area extend- 
inor several centimeters beyond the visible disease. Certain tumors should 
be attacked from the superior, the internal and the external aspect of 
the lip. Six hundred mc. hours may be ^iven to an area of 4 square 
centimeters. This technic produces shar]) reaction. 

If the adjacent lymphatic j^lands are not palpably enlar«red, they may 
])e left undistnrbed by the surpreon but should receive heavy prophylactic 
«ramma-ray radiation. Tf the adjacent orlands are palpably enlaro^ed, 
conservative surgical removal may be undertaken in selected cases. The 
operation may l)e preceded and followed by surface radiation. In some 
cases bare emanation ampoules may be buried in the operative field fol- 
lowing: removal of the lymphatic structures or in the <rlandular masses 
in case they are not removed but merely surjrically exposed. 

(4) Carcinoma of the Lingual, Buccal and Pharyngeal Mucous 

Membranes 

While epithelioma of these structures is frequently refractory to ra- 
dium, vei'v «:ood and even brilliant results mav sometimes be obtained. 
The most notable advance in the treatment of cancer in these situations 
consists in the use of bare emanation ampoules which are inserted into 
the tumor in the manner j)reviously described and allowed to decay in 
situ. When surface applications are made, we would advise the use of 
not less than 200 millicuries. The radium should be screened with 1 milli- 
meter of silver and 2 millimeters of rubber. An exposure of five hours in 
divided doses may be given. For holding the radium in position we fre- 
quently utilize the dental com])osition material suggested by Janeway. 

At the present time, in suitable cases, we invariably bury bare emana- 
tion ampoules in growths of the accessible mucous membranes. 

Leukoplakia 

It must be remembered that patches of leuko])lakia may disappear 
spontaneously if tobacco is discontinued. 

The radium treatment of leukoplakia, which is such a frequent pre- 
cursor of epithelioma of the lingual, buccal and pharyngeal mucous mem- 
branes, is often successful. A caustic dose must often ])e employed in 
rtrder to bring about the desired result, but at times deeper and less 
caustic radiations may be given. A method that we have frequently 
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used consists in tlie ai)i)lieati()n of 80 niillieurios concentrated in the 
ratio of 10 millicuries per s(|iiare centimeter. Tliis may be screened with 
1 millimeter of silver and 2 millimeters of rubber. A total exposure of 
eij^ht hours in periods of one or two hours each may be o;iven. 

We may now refer particularly to carcinoma of tlie ton«?ue and car- 
cinoma of the tonsil. 

(a) Carcinoma of the Tongue 

Cancer of this structure is always of the squamous-cell tyi)e. It is the 
most likely of all cancers to invade the lymphatic jrlands early and 
widely. This in itself precludes successful treatment in many cases. In 
the most extensive cases, palliation only can be hoped for. Sometimes 
cases seem to. yield quite satisfactorily to the insertion of radium, con- 
tained in metal needles, into the prrowth. I have reported a case treated 
in 1917 in this manner, who is well at the time of writinjr. In this case, 
60 millijirrams were inserted into the growth for thirteen and one-half 
hours, and seven weeks later 72 milligrams for twelve hours. Hayward 
Pinch has buried approximately 21 to 53 millicuries, contained in a plat- 
inum needle, in certain nodules for twenty-four hours. Sharp reaction 
follows this treatment and in some cases the nodule becomes replaced 
with scar tissue. The method of using bare emanation ampoules has 
practically replaced the use of metal needles. In some cases, surface 
applicaticms may be advantageously combined with the method of 
burying ban* glass emanation ami)oules. The greatest care must be used 
not to give an overdose and produce sloughing. It must not be forgotten 
also that healing can only occur when a bed of healthy tissue capable 
of producing good granidations surrounds the growth. The regional 
Ivmph nodes mav be treated in the manner alreadv described. 

(])) Carcinoma of the Tonsil 

Cancer in this situation freciuentlv vields to radium and sometimes 
displays a marked susceptibility. If metastases from a tonsillar growth 
are present in the neck these growths are also more tluin ordinarily sen- 
sitive to tlie rays. If tlie growth has extended to the toiigiu*, the prog- 
nosis l)ecoines the same as foi* cancer of that organ. 

Wc ha\<' siicccssrullv trcalcd nunicrous cciscs of cjiiicci' <>f tlic tonsil. 
While t'oi'iiicrly nic1;il needles coiilaiiiiii^^ ihe i\-i(liiini wei-e iiisei-ted in the 
trrowtli, these liave pr;n'l i<'ally heeii i^iveii up in tavor nl* tlie har<' irlass aiii- 
jxMiles e(nii;iiniiiu radiuiii emanation. Ivadimit may he ai)plied to 
the ^ui't'act' of the tonsil h\' mean> ot' a wire hnldiim a speeiallv con- 
strueted ])ieee ot' dental modellinL'' enmpound adjusted to the area to l)e 
treated. Two hundi'ed millieuries sereenecj with the ecjuivalent of 2 
millimeters of hi-a^^ and 2 millimeters <»f ruhhei* may he applied for three 
hour> in i)e?i«Mls of one h(»ur eaidi. Tlii' intensity of the treatment to ])e 
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^iveii naturally depends upon the extent of tlie disease. If the jji'owth 
projects several millimeters above the U'vel of the normal mucous mem- 
brane, larj^rer doses will be tolerated as the tumor tissue acts as a filter 
and in addition, the distance of tlie radium from the normal tissue is 
obviously increas(»d. Instead of surface a|)plications, several bare emana- 
tion ampoules may be buried in the jjrowth. Five-tenths to 1 mc. or more of 
emanation to each cubic centimeter of tissue nniy be used. In suitable 
cases, the combination of these two methods seems to be superior to 
either method used alone. Overdosajrc must be carefully avoided. 

(5) Carcinoma of the Superior Maxilla 

Many cases respond favorably to radium treatment. The disease most 
often beprins at the alveolar process of the jaw. Carious teeth are usually 
found in these cases and tlu* disease may appar<'ntly have started around 
one of them. The antrum is usuallv invaded earlv bv tlie jrrowth. Metas- 

• • ft «7* 

tasis occurs relatively late in the disease. In the ai)plication of radium, 
the antrum, if involved, should be opened, usually above the alveolar 
process. Indeed in any case it is not WMse to allow the antrum cavity to 
remain closed. By means of lonjr silver wires carrying; the tubes, the 
radium may be brousrht into direct contact with the jjrowth. In addition, 
heavy treatment may be p:iven externally over the cheek and within the 
cavity of the mouth so as to radiate the prrowth from all sides. In the 
technic of treatment, much depends upon the situation and extent of the 
disease. Within the cavity of the antrum, 200 millicuries screened with 
2 mm. of brass and 2 mm. of rubb(»r may be ai)plied for ^\e hours. In 
the mouth, 200 mc. wiih the same screen inj»: nuiy be used for f\VQ. hours. 
Externally, 250 mc, screened with 2 mm. of brass and arranpfcd on a pad 
covering 50 sq. cm., may be used for thirty-six hours at a distance of 
three centimeters in several i)eriods of six to tAvelve hours each. G. B. 
New of the Mayo Clinic has used a combination of heat and radium in 
cancer of the jaw and cheeks. In cancer involving: the antrum a solder- 
ing iron at a dull heat is carried into the antrum cavity and the growth 
is burned away. About two weeks later, when the slough has come away, 
radium is introduced into the antrum cavity. 

(6) Carcinoma of the Inferior Maxilla and Floor of the Mouth 

Cancer of the lower jaw usually begins on the alveolar process. Sooner 
or later, the floor of the mouth is involved and indeed it is frc<|uently 
impossible to determine in just what structure the growth originated. 
In some cases, the floor of the mouth is the ])rimary seat of the disease. 
As a rule, metastatic involvement of the lymphatic glands of the neck 
occurs early. On this account cancer of the floor of the mouth is much 
more malignant than cancer of the superior maxilla or cancer of the 
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buccal iimeoiis nu*iiihraiii\ When iiiftaMasos to the neck are absent. 
radium treatment freijuently produces a elinii-al retmjrression and even 
complete healinir i»f the srrowth. If thr lymphatic glands ul the neck 
are involved, retardation of the disease is all that can ordinarily be hoped 
for, althoujrh thf primary srrowth may disappear under treatment. Two 
hundred millirurics srn*en«'tl with 1 millimeter of silver and 2 millimeters 
of rubber may be appliiMl to tlo* surfare. A t«»tal exposure of four or 
more hours may be iriven. Instead of surface applications, several bare 
ampoules may then be buried in the b'^^ion : 0..1 me. to 1 me. per cubic 
centimeter of tunmr tissue may be used. The different areas of the 
neck likely to harbor metastases may rcfcive prophylactic exposures. 
Five hundred milliruries screen»Ml with two millimeters of bras.s or its 
etpiivalent and concentrated on an applicator that has a superficial 
surface of 50 square centimeters may be used at a distance of 6 cen- 
timeters. A total exp«isure of twenty-five houi*s may be priven in periods 
(»f ten or more hours each. If metastases are present, retardation of the 
^n>wtli may be bmuirht about by the ordinary treatment for eareinoma- 
tiuis jrbinds. 

^7^ Carcinoma of Cervical Qlands; Carcinoma of Thyroid Gland; 

Parotid Tumors 

Kor clinical convenience, carcinoma of the lymphatic glands of the 
neck, carcinonui of the thyroid <rland, aiul tumors of the parotid gland 
may be considered together. 

(i\^ Carcinoma of the Cervical Lymphatic Glands 

These cases are usually secondary to carcinoma el.sewlicre. The pri- 
mar.N fi»cus is most frequently in the labial, buccal, pharyngeal, lingual 
or larvnvjeal mucous membrane. The supraclavicular glands are fre- 
quently invidved in mammary cancer. The primary focus from which 
eaiviiioma of the lymj)!! nodes origiiuites may even escape* detection 
alloijelhcr. In most of the mouth cases, the neighboring lymphatic 
.:Iiituls so*»ner i»r later become involved althougli tliis event may be de- 
\o .'d t'or a eonsiderable time. Tlio ti'catment may be carried out by sur- 
^v^• i[q»livarions. by buryiiiir metal needles containing radium or radium 
'.■■. .»:• '»v luirviiiu l)<irr eniaiicition iniiixniles. Sometimes a (M>m- 
•■i.Nt' mi'tluMN In iii<»st «l('sir;il>l«'. Isolali'd nnd m()Vcil)le «rlaiids 
.•••«: N;i^:riill\ prior to i"ci(lium t I'catinent. l''olI(»wiiiir o])cra- 
.■- i!'-^ <»!' liidiiiiu cmjinrilioii u\ny he iiiscrt^'d in tln' operative 
; ' .:»:»;'«\il ions ;ire used, .'>()() niillicui'ies may be jij)plied at a 
, . ■■.■••?•>. ( 'oinM'iit r,-i1«Ml iji tin' I'cilio (►f .") to 10 millieurics 

i".l srrrriit'd with the cqiii vnh'iit of 2 111 il liiiietcrs 
-. • \» "iity-lix (' houi'^ in scvrrnl jxM'iocts of ten or 

n It' iiH'tjiI necdh'N an* iiiserlcch ."> to 75 
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milli(»iiries in steel needles that have a wall thickness of 0.4 mm. may 
be buried for twelve or eijirht hours. If hare emanation ampoules are 
buried in inoperable mas.ses, a dose of 0.5 to 1 mc. or more per eubie centi- 
meter of tumor tissue may be jriven. Considerable jud<?ment must be exer- 
cised in treatinj^ careincmiatous lymph jrlands. It nnist be remembered that 
the usual effect is retardation of tlie j^rowth and that curative results can 
seldom be hoped for. Individual masses of jrlands that have some de- 
gree of mobility and are not too larjre may sometimes be removed by 
radium. Masses of jrlands tliat are fixed, poorly nourished and of larg:e 
extent can seldom be successfully treated. Doses powerful enouj^h to 
cause death of the cancer cells may produce under these conditions 
slougliing of larj^e areas of normal tissue, which may add to the patient's 
discomfort and hasten his end. 

Doujrlas Quick has recently described the i)rocedure used at the present 
time at the ^femorial irosi)ital, New York, in d4»alin«r with cervical lymph 
nodes associated Avith intraoral cancer. 

In cases with no palpable nodes, surface radiations over the neck are 
employed, but excision of the lymphatic structures is not undertaken. 

In eases with palpable and operable nodes, surface radiations are fol- 
lowed by a neck dissection, preferably under local anesthesia. Following? 
removal of the lymphatic structures, 5 to 15 mc. of radium emanation in 
l)are prlass ampoules are embedded in the operative field. Following: 
this procedure, surface radiations may be used on the opposite side of 
the neck. Too much radiation over the afTected side may devitalize the 
tissues. If it is found that the disease, at the time of operation, has 
perforated the «:land capsule, radical surji:ical removal is deemed unwise 
and the mass is infiltrated with bare emanation ampoides, the w'ound 
bein*? then closed. The statistics of this author are encouraj^ing. 

(b) Carcinoma of the Thyroid Gland 

Some cases of this disease are strikin«j:ly benefited. The technic of 
treatmeii-t should be wholly by external or surface radiations. Buryinj^ 
emanation needles in these tumors may result in an intractable funfratin<r 
jarrowth. Powerful deep radiaticms must be used. Six hundred milli- 
curies screened with the eciuivalent of 2 millimeters of brass and in the 
ratio of 5 to 10 ni ill i curies per s(|uare centimeter may be applied at a 
distance of 6 centimeters. A total exposure of twenty hours in periods 
of ten or more hours each may be priven. Metastasis to the bones or other 
organs may take place several years after apparent recovery. 

(c) Parotid Tumors 

In carcinoma, endothelioma, and certain mixed jiarotid tumors, en- 
couraging results have been obtained. In tumors containing cartilage 
not so much effect is to be anticipated. The technic may consist of the 
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application of 250 luillicurics at a distance of 3 centimeters. Concen- 
t rated in the ratio of 2.5 millicuries per square centimeter and screened 
with the equivalent of 2 millimeters of brass, a total exposure of thirty 
hours divided into periods of ten or fifteen hours each may be given. As 
in all other tumors, the technic varies with the apparent depth of the 
growth and the area that it covers. 

It is not advisable to introduce radium or emanation needles into the 
parotid gland. Hayward Pinch has called attention to the ill effects that 
are likely to follow this procedure. A severe reaction following the 
introduction of an emanation needle may result in the formation of a 
sinus which is kept open by the parotid secretion and from which an 
intractable ulceration may start. 

(8) Carcinoma of the Larynx 

In carcinoma of the upper larynx, or so-called extrinsic carcinoma, the 
results have been encouraging. In selected cases, one of the most effec- 
tive methods of radium application consists in the introduction of steel 
radium needles, each containing twelve milligrams of element or milli- 
curies of emanation directly into the growth. The needle introducer 
devised by Dr. O. T. Freer is valuable for this procedure. The needles 
may be left in the tissues for from eight to twelve hours. In one case of 
carcinoma of the epiglottis, base of the tongue and left vallecula, treated 
by the writer in conjunction with Dr. Freer, complete recovery occurred. 
In this instance there has been no local recurrence for over four years, 
but a recurrence in the glands of the neck two years ago yielded to ra- 
dium. The patient is now clinically well. This case has been previously 
reported by the writer. 

In intrinsic carcinoma of the larvnx, radiation from the outside or 
inside of the larynx may be employed. Kelly and Burnam have referred 
to sevenil cases treated ])y external radiations that have recovered and 
remained well for varying periods. Ordinarily, however, the combination 
of internal and external treatment is necessarv for success. It is doubt- 
ful whether external radiations alone are sufficient to cause complete 
rcjrression. G. H. \e\v of tli(» ^lavo Clinic has treated intrinsic carcinoma 
of tlic Inryiix in the t'<)llowin<>: manner: ''Ti-ai'lic()toniy is first ])erf(>rnied 
and at'tci" cocriinizat ion the i-adinin is dropped directly into the larynx. 
Tlie radinni is held in ]>lace for fi'oni one t(» one and onedialf liours at a 
lime. Wliile all i)atients are not l)enefit<'(l, v<'ry enc(mra«;in<r results 
ami reniarkahle r(dief liave been o])tained. One man liad an extensive 
carcinoma of the larvnx obstruct in<r tlie udottis so that it was nec(*ssarv 

« r^ ^ ft 

to do a t ra(die(>tomy ; he was swiillowinjx llnids only, in two months 
tinn' he had trained f(Hty-ei«rht i)oun(is in weijrht and c()nl(i eat anytliing. 
lie had a rovk in tin' t raidH'(>tom\ tnlx'. The urowlh did not recur 
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locally but the patient died of chest metastases about fourteen months 
later. However, the treatment gave him a year of comfort." 

A method that promises to be even more effective than the one just 
described because it allows of accurate localization, consists in the appli- 
cation of the radium to the interior of the larynx by means of the special 
apparatus devised by Dr. 0. T. Freer. This apparatus is described in 
the chapter devoted to a consideration of the use of radium in laryn- 
gology. Screened with 1 millimeter of silver, 200 millicuries contained 
in 4 or 5 tubes may be used, in periods of twenty or more minutes each 
for two hours. During intralaryngeal treatments the throat must be kept 
free of saliva by an electric suction pump. 

(9) Carcinoma of the Esophagus 

In this all but hopeless disease the results of radium treatment in a 
number of cases have been encouraging. Among those who have reported 
their results, some of which have been favorable, are Abbe, Exner, 
Einhorn, Finzi, Hayward Pinch, Janeway, Mills and Kimbrough and 
the writer. Abbe reported a case alive and well nine years after 
treatment. Mills and Kimbrough have seen favorable results. In the 
cases reported by the two last-named authors, the coincident use of the 
x-rays enabled them to localize more accurately the position of the 
bougie carrying the radium in the esophagus. In one case, Finzi ob- 
tained a clinical recovery that had been maintained for three years when 
the case was reported. In another case a clinical recovery was main- 
tained for four years when the patient died suddenly. Postmortem 
there was found carcinomatous involvement of a small intercostal branch 
of the aorta with resulting hemorrhage. 

In one of the writer's cases, treated in conjunction with Dr. John 
A. Cavanaugh, apparent recovery was maintained for about one year 
when the patient died suddenly of cerebral hemorrhage. 

Technic of Treatment of Carcinoma of Esophagus. — Previous to under- 
taking treatment, careful localization of the growth is all important. 
Skiagraphs with and without a bismuth meal, direct esophagoscopy and 
measurements with bougies usually afford sufficient information. It is 
necessary that the lumen of the growth admit a bougie several milli- 
meters in diameter in order that the properly screened radium may pass 
completely within the stricture. In some cases, several days prior to the 
treatment, a silk thread may be swallowed by the patient. The bougie 
holding the radium may then be threaded upon the silk thread. This 
procedure will sometimes enable one in difficult cases to engage the 
apparatus in the lumen of the growth. The treatment may consist of the 
application of 100 to 150 mc, screened with 1.5 mm. of silver. The bou- 
gie containing the radium emanation is passed into the strictured part 
of the esophagus and maintained in position for about eight hours. Prior 
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to the troatmont morphine and atropine may be given hypodermically. 
A special attendant should maintain the bouj^ie in place. Several treat- 
ments may be ^iven at intervals of 3 or 4 days until the patient has 
received about 1500 me. hours. 

Another technic adapted to certain cases and sup:<?ested by Janeway 
consists in the following procedure. A preliminary gastrostomy is per- 
formed. -A silk thread is subsequently swallowed by the patient and the 
lower end is pulled out through the gastrostomy wound. A series of 
several radium tubes is then attached to the oral end of the string and 
pulled through the stenosed tract by means of the lower end. The upper 
tube is of such size that it will not slip through the strictured part of the 
esophagus but will rest upon the upper end of the carcinoma. Janew^ay 
has used several tubes, containing 30 or 35 mc. each, for from four to six 
hours. 

The immediate results of treatment are an improvement in swallowing 
due perhaps to the mechanical dilatation. About ten days later there 
may be increased dysphagia due to the onset of reaction. The hemor- 
rhage, odor and purulent discharge that may attend the passage and 
withdrawal of a bougie prior to treatment are no longer present. In 
a few weeks, as the reaction from the radium subsides, dysphagia is 
relieved and the patient may be able to swallow all kinds of food for a 
number of months. Oreatly increased body weight and improvement in 
the general condition are usual accompaniments of the increased power 
of swallowing. 

(10) Carcinoma of the Stomach and Intestines 

In inoperable or recurrent carcinoma of the stomach and intestines it 
is permissible to use radium in the hope of retarding the disease and 
relieving pain. Janeway has seen imj)rovement follow a combination of 
posterior gastroenterostomy and radium treatment. After the above 
operation was performed, sevenil radium tu])es were pulled into place 
through the gastrostomy wound ])y means of a string previously swal- 
lowed. AVe have used a similar nictliod for cjircinoma of the sigmoid 
flexure of the colon. lni»-uiiial colostomv wjis first iicrformed. Bv means 
of i\ string passiMl tlirougli the distcil porticm of tlir bowel from the open- 
in<r in tlu' cobm to tlic nnns n st!'i]i'^' of tiilx's w;is ])u11(m1 backward 
tlii'ontrli tln' ;inns until tln'v t-nirJiLTd wiljiin 11h' Innirn of tin* aiTccted 
po]'t ion. 

Technic of Treatment of Carcinoma of Stomach and Intestine. Pal- 

li.'ition is ;i]l ijijil can Ix' IiojxmI Ww in llic^c cniidji jou^. Syin])loinatic 
iMi|>r(»\('ni«'nt has been noted fi»lh>\vinLi" pow n-fnl. dcrj) t I'cat nimt to the 
al)d<>nii!ial wall. 'Flic cntidit ioTi drniands tin- ns«' (d' at least ."jlMi nn*. This 
slictnld be Ncreriicd with 2 niin. nf hras< and placrd at a distance (d' to 
10 cm. 'idn' concent !"at i(»n may l»c in the ratio (d' ."> nic \\rr siniai'e (^'Uti- 
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meter. At a distance of 6 cm. an exposure of twenty-five hours and at a 
distance of 10 cm. an exposure of thirty-six hours may be given in periods 
of ten or more hours each. 

(11) Carcinoma of the Rectum 

Considerable experience has been accumulated in the radium treatment 
of this disease. Rectal carcinoma varies a good deal in its response. to 
radium. Adenocarcinoma of the annular, vascular type, situated in the 
upper half of the rectum, is probably more amenable than growths occu- 
pying only a portion of the rectal lumen and deeply infiltrating the rectal 
wall. Epidermoid carcinoma in close proximity to the anal region is less 
easily influenced than the other types. A number of cases of complete 
regression of the growth and apparent clinical cure persisting for vary- 
ing periods of time have been reported by different authors. The per- 
centage of clinical recoveries is not over 10 per cent. Tt must be remem- 
bered, however, that as a rule only cases in which surgical intervention is 
impossible are treated. Fully one-third of the cases are distinctly im- 
proved. In borderline cases, radium treatment may render operation 
possible. 

Technic of Treatment of Carcinoma of the Rectum. — The method of 
treatment and the dosage vary. Applications to the surface of the car- 
cinoma may be made by introducing the tubes attached to a long silver 
wire into the rectum. In other cases, bare emanation ampoules may be 
buried in the growth. These methods may also be combined. 

Carcinoma involving a segment of the rectal wall is best adapted to 
the use of buried emanation ampoules. Carcinoma of the annular type 
may be treated by surface applications alone. In either condition, how- 
ever, the combined methods mav be used. 

If tubes are inserted into the rectum they may ordinarily be applied 
by means of a long pliable silver wire which is bent over the buttock to 
the proper angle and secured with adhesive tape. In the case of an 
annular growth, the tubes must be carried into the lumen of the growth. 
In using tubes in the treatment of growths occupying? only a portion of 
the lumen of the bowel, a lead plate several millimeters thick may be 
used over the tubes on the side opposite the growth in order to protect 
relatively the normal mucosa. In other cases, the normal rectal wall 
may be packed off by means of a rubber finger cot, to which a catheter 
is attached. The cot is distended with air after its insertion. In some 
cases, the application of the radium is made best by the aid of the proc- 
toscope. The quantity of radium employed varies with different operat- 
ors. Hayward Pinch has used 50 mc. screened with 2 mm. of lead and 
2 mm. of rubber. An exposure of thirty hours in periods of six hours 
each has been given. The course of treatment was repeated in six weeks 
if thought necessary. With the above dosage, proctitis will be slight or 
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absent. T favor, ordinarily, the use of a much larger quantity of radium. 
Manv cases mav be treated with 200 mc. screened with 2 mm. of brass 
and 2 mm. of rubber for eight hours. The method of using even a larger 
quantity of radium for a relatively shorter time is preferable in many 
cases. If bare emanation ampoules are buried in the growth, the dose of 
0.5 to 1 or more mc. of emanation per cubic centimeter of tumor tissue is ad- 
visable. When radium treatment for carcinoma of the rectum is contem- 
plated, a preliminary inguinal colostomy is advisable in many cases, 
although it is not always absolutely essential. 

(12) Carcinoma of the Penis, Vulva and Urethra 

Carcinoma of the glans penis sometimes responds favorably to radium. 
Certain cases may be very refractory. We have treated 3 cases in which 
clinical recovery has occurred. In these cases, amputation of the penis 
had been previously refused. 

Technic of Treatment of Carcinoma of Penis, Vulva and Urethra. — I 

have used in these cases either surface applications of radium or the in- 
sertion of bare emanation ampoules. Two hundred mc. screened with 2 
mm. of brass may be applied at a distance of 1 cm. The concentration 
may be in the ratio of 10 mc. per sq. cm. An exposure of four or five 
hours may be given. Great care should be taken not to produce severe 
reactions which may be extremely painful in this situation. If radium 
emanation in glass ampoules is inserted, the technic previously described 
may be employed. 

Cancer of the vulva may be treated by burying bare emanation am- 
poules or by surface applications. These two methods may also be com- 
bined. Unfortunately metastasis to the inguinal glands is usually an 
early complication of epithelioma of the vulva. The ultimate outcome is 
usually unfavorable although the local growth may be healed. 

Cancer of the female urethra may be treated by the application of 
radium tubes to different parts of the growth or by burying bare emana- 
tion tubes in its substance. The tumor mav be attacked from within the 
urethra or from the external aspect. The growth may also be reached 
by radiations from tubes placed along the anterior vaginal wall. Care 
must be taken not to overexpose the urethral mucous membrane. As it 
is impossible as i\ rule to iiiti'oducc into the urethra a tube covered with 
sufficitMit I'ublx'i' tni)in<»- to jz-ivc ;iii a<i(M(u;it(' <list;mce of tlie nidium from 
the irrowth, <i Inivu of the urcthriil mucous iiicnihrniie innv be easilv 
enuscd without ])!-o<luciii«i ni<jrk(Ml ret ro^^i'cssiou of the ^^rowth. One 
hundred inc. <'ontainc(l in two tubes ai'ran«»c(l end to end. screened with 
()..") mm. of platimini nnd 2 nun. of rui)bei* nniy he introduced into the 
ui'ethrn f<n' fi\e hours in sevei'al j)erio<ls of one oi* two liours each. The 
exterTial aspect of the i:l•o^^th may be t!'oate<l in a inatmer similar to 
that suirircsti'd for ej)itlu'lioma of tlie skin. Tin* labia sliouhl be widely 
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spparated n-itli traiizi' during the trcnlinciits in nnler ti> iivoid a burn 
of tliese stnietiii'fs. Through the antci-im- vajjinal wall, the growth 
may he radiated with 200 me. The eoneeiitralioii of the emanation may 
be 10 mc. per sqnare centimeter and the screening 2 mm. of bra.sK. 
The distance .should be not less than 1 cm. An exposure of fifteen 
honrpi may be jriven divided into several periods. The radium may be 
held in tlie vagina by means of a long silver wire which may be bent 
to the reiiuircd angle and fastened with adhesive tape to the anterior 
ahdominal wall. In some ca.ses bare radium emanation tubes may be 
bnried in the growth. The dose of 0.5 to 1 mc. per cubic centimeter of 
tumor tissue may be used. The different methods of treatment jnst de- 
scribed nuiy often be aiivanlHjffously combined. 

(1-3) CftTcinoma of tbe Prostate Gland 
Benefit is fr{'(|ucnlly to be noted from radium ti'catmcnt «t (his con- 
dition. 




Tbe Technic of Treatment of Carcinoma of the Prostate.- Formerly the 
radium eonfaincd in a hollow sound havinjj: n wall tbiukness of l.r> mm, was 
introduced into the urethra and allowed to remain in I'ontaet with the 
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growth. At tlip saiiiP tinio. another tiibo was iiitrtxiiiced into the rectum in 
order to "ccass fire" the carcinoma. While encouraging results have been 
obtained with this method, no plan seems to he so uiiiformly successful as 
that suggested by Barringer. The essence of this method consists in 
strong central radiation of the prostatic mass. 

This author uses 50 me, of radium emanation, contained in the distal 
V/j inehes nf the lumen of a .special gold or steel needle, four to six inches 
long. Sufficient screening is obtained by the thin wall of the needle. 
Under local anesthesia, the needle is introduced through the perineum 
and allowed to remain six hours in each prostatic lobe. If neces.sary, the 




needle, guided by a finger in the rectum, can be pushed into the seminal 
vesicles. In tbirtj' eases treated by IJarringer, marked retrogression of 
the growth followed in every case. 

Good results have been obtained by a similar method that I have out- 
lined. This consists in the use of eight or more steel needles each con- 
taining about twelve milligrams of radium element or millicuries of 
radium emanation, These are introduced into the prostate either through 
a perineal or suprapubic incision in such a manner as to radiate homogene- 
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ously the entire prostate. One of the writer's cases in which great im- 
provement followed has 1)een reported by R. 11. ner1)st. The needle in- 
troducer illustrated in this report was devised by Dr. 0. T. Freer. In 
carcinoma of the prostate, the general method of needling is the one that 
promises to be of most value. The method of attack should be adapted 
to the situation of the growth. Hence, either the suprapubic or the 
perineal route or both routes may be chosen. The insertion of bare em- 
anation ampoules gives promise of good results. 

(14) Carcinoma of the Bladder 

Operable Cases. — In dealing with operable cases of carcinoma of the 
bladder, postoperative radiation is advisable. 

Inoperable Cases. — Tnopera])le carcinoma of the bladder may some- 
times be treated successfully with radium. Prior to the use of radium, 
fulguration is sometimes advisable in order to check the bleeding. The 
permanent cessation of hemorrhage and the disappearance of cystitis 
and all subjective symptoms may sometimes be observed as a result of 
radium treatment. Growths of considerable size may retrogress and 
ulcerated areas may become covered with healthy epithelium as shown 
by cystoscopy. 

Technic of Treatment of Carcinoma of the Bladder. — Eadium may be 
applied to bladder growths either by way of the urethra or through a 
suprapubic cystotomy wound. Accurate application to the growth is 
absolutely essential for success. It is worse than useless to apply radium 
blindly by means of an ordinary rubber catheter to the interior of the 
bladder. Special instruments have been devised by Barringer, Corbus, 
Kanavel, Young, and others for applying the radium through the urethra. 
Barringer has devised long applicators which may be used in the sheath 
of a Brown-Buerger operative cystoscope. Young has also devised spe- 
cial instruments for applying radium through the urethra. By means of 
these applicators, the radium may be held against the growth. Dr. A. 
B. Kanavel has devised a radium-containing capsule which is provided 
with a spring clip at one end. One or more capsules may be introduced 
through an operating cystoscope and attached, in suitable cases, by means 
of the clip to the surface of the bladder growth. AVith this device, treat- 
ments lasting for any number of hours may be given. The capsule may 
be removed by means of a silk thread which has been ])reviously attached. 
The dosage in inoperable carcinoma of the bladder varies with the char- 
acter of the case and the technic that is employed. 

Application through the Urethra. — If tlie radium is applied via the ure- 
thra to the surface of the growth, 100 millicuries, screened with 1 milli- 
meter of silver may be used in periods of one hour each, several times a 
week, until an exposure of ten hours has been given. A better method 
consists in the use of two huiulred niillicuri(»s for five hours. Barringer 
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has applied in some eases unsereened emanation to the surface of 
bladder growths via the urethra. The largest dose used by this author 
was 500 to 1000 millieuries for 650 millicurie hours. In some eases, 50 
millicuries contained in a steel needle was inserted into the growth for 
100 millicurie hours. In other cases, bare emanation ampoules were bur- 
ied in the growth. 

Application through a Suprapubic Csrstotomy Wound. — When accu- 
rate application through the urethra, for any reason, is impossible, supra- 
pubic cystotomy may be performed in order to render the growth acces- 
sible. Radium tubes may then be introduced through the cystotomy 
wound and held in position })y sutures or by a long pliable silver wire 
which may bo bent to the proper angle and fastened to the abdomen by 
adhesive strips. Using this teehnic from 100 to 200 millicuries screened 
with 2 millimeters of brass and 10 nrdlimeters of rubber may be applied to 
the growth for from ten to twenty hours in periods of five to ten hours each. 
In some cases, radium emanation may be inserted into the growth. Five to 
eight steel needles having a wall thickness of 0.4 mm. and containing 60 to 
90 millicuries may be inserted for twelve or eight hours. In other eases 
bare emanation ampoules may be buried in the growth. In addition to the 
intravesical treatment, heavily screened radium may be applied to the 
perineum or inserted into the vagina or rectum in order to cross fire the 
growth. Care must be taken not to overexpose either of these cavities. 
In the treatment of carcinoma of the bladder it should be remembered 
that growths that are superficial may sometimes be successfully treated 
via the urethral canal. For larger and deeply infiltrating growths, how- 
ever, the use of large quantities of heavily screened radium at a certain dis- 
tance from the tumor is imperative. Such cases usually demand that the 
bladder be opened suprai)ubicall3' in order to render the tumor accessible. 
In still other cases, in which the age of the patient or other factors render it 
inadvisable to open the bladder, palliative treatment may be carried out 
from the skin surfaces by using large quantities of radium (500 to 1000 or 
more mc.) heavily screened at a distance of 10 centimeters from the skin. 

One of our cases of inoperable carcinoma of the bladder, treated intra- 
vesicall}', which was referred by Dr. M. L. Hari'is, has been well for more 
than five years. 

(15) Carcinoma of the Breast 

Operable Cases. — The policy of declining to treat operable cases of 
this disease solely with radium should be followed. Preoperative radia- 
tion of the breast and its lymi)hatics followed by operation seems the 
most logical procedure. Postoperative radiation of the operative field 
and the areas most likely to harbor metastatic deposits should be carried 
out. When at least 500 milligrams of radium are available, the thorough 
saturation of the whole chest wall and its draining lymphatics with deep 
penetrating rays is advisable. There are certain operable cases in which 
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the patient absolutely refuses to undergo operation. Some of these cases 
may be successfully treated with radium when the local conditions are 
favorable. "When the breast is not too large and the adipose tissue is not 
excessive and the tumor itself is small and well localized, success is pos- 
sible insofar as the local growth is concerned. Unfortunately, metas- 
tasis to the regional lymphatics or to distant organs precludes recovery 
in most cases. 
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Inoperable Cases. — In cases inoperable on account of the extent of the 
disease, only palliative treatment as a rule should be undertaken. In 
eases of the atrophic type, the progress of the disease may be retarded 
if the more accessible lymphatic glands alone have been invaded. In an 
inoperable ease of this type recently under the writer's care, in which not 
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only the whole breast but the axillary and supraclaviculnr glands were 
involved, complete disappearance of all palpable masses was brought 
about by radhini, but metastasis to the spine occurred. In the more rap- 
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Technic of Treatment of Carcinoma of the Breast. — Small cutaneoTis 
nodulos or siipoi'ficial ulcerations oceurriiijr on the eliest wall may fre- 
quently be healed by sui'faee radiation. The teehnie is the same as that 
for prinuiry ei)ithelioma of ^rave type involving; tlie skin. l)ee])er nod- 
ides attached to the ])one or eartilajre of the chest Avail may be treated 
efTeetively by surface applications or by tlie insertion into the nodide f»f 
a platinum emanation needle containin**; twenty-five millicuries for ei«rht- 
een liours. lllavward l*ineh.) In other cases, bare emanation ami)oules 
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mav b(» insei'ted. 













l-'i^r. so. A part «>f I-'i^r. "''. lliKlily iiiaKtiifUd (S()() diainetcrsK .t. Cubic cpitlielitiiuatM.:* 
crll of mumI* rate si/.t , with a >itiKk: r<niinl nucleus and liotuoii^^iMiciius protoiilasin. Note tlu." al»- 
Miuc nf c'inni"cti\c- ti^^^ue ami tin; iutractllular p».i'U(liiparasitir ilemi'iit»i in the whole of Un? 
prt paiMtinii wliith i'* taken from the eenler «if a lobule. All these cells resenii»lo one another. 

^Vllen larf>:e and deep tumor masses are present, radiations should be 
of a i)enetratin»r character. In some cases, 400 millicuries, screened with 
2 millimeters of brass and evenly disi)os«*d on a pad 9x12 cm., may bo 
placed at a distance of (i centimeters. A total exposure of thirty liours 
in ])eriods of ten or moi'c hours each may be «riven. 

In otiicr cases dcmandinjr decj) effects, (iOO millicuries, screened with 
2 millimeters of brass may be placed at a distance of 10 centimeters and 
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nn exposui'p "f tliiily hours in poi-ioils of ten or iitore Iimirs ctioli may be 
triviMi. Kniiietiiiics wlii-n pli-uni! or jH'ritiHicjiI I'ffiisioii has supervened in 
consequence of tlie involveineut of tho pleura i>r pcriloneiim by llie 
frrowtli, fill! finiil may ho wUMi-iiwn and deep radialioii inimci] lately 
{riven. In some eases, tlic effusion lias not reappeared. 

Doutr'as Qniek lias reeently reported upon tlie uielliod of liuning bare 
emaniition ampoules in )be lumor iu eai^fs of iunpemble breast uarei- 
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(,1<I.-1 and dislocalvil 1iy yau«K. ci-nni-rlirp tissiu- ^Iti'iiu. Tlic <'i<illi<-]iuiiial'iiis crW, :irt' < 
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noma cnineidontly ivith surface applications of x-rays. Of seventy-eight 
cases treated in tliis manner by Quick, seven showed complete regressions 
for periods of three months to more than tivo years. Twenty-one cases 
showed partial regressions. Twenty-four eases received temporary ben- 
efit only. Ten cases showed no improvement and nine cases could not be 
traced. Seven eases were treated durinj^ the four months just prior to 
the report and were not included in the statistics, although the initial 
response to the treatment was favorable. Russell Boggs has also re- 
ported favorable results from the insertion of steel needles containing 
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radium salts into breast eareinomata combined with the use o£ surface 
radiations with x-rays. 

In the report of the London Radium Institute for 1919, ninety-five cases 
of cancer of the breast were mentioned that had applied for treatment 
during the year. Seven cases were examined but not treated; no recent 
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rc|»ort had bi'un rceeived from 12 eases ; 5 cases received prophylactic 
treatment; 50 cases were improved; 13 ivere not improved; 2 abandoned 
treatment; 4 died and 2 were apparently cured. 
Between January. 1014. and January, li)21, the writer treated 90 cases 




of breast carcinoma of different types. Eighty-five of tbese cases were 

i primarily inoperable or inoperable recurpences. Five eases were treated 

that were operable so far us the disease was eoucerned, but inoperable 
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0!i Ht'poiirit of niher coiulilioiis. In -10 (il' llic t>5 iiiopiTablc cases jiist^ 
referred to, paliiation only was atleiiipted, the proeess being too far ad- 
vanced to permit of expectation of regression. Of the remainingr 5.^ 
cases of this group, 6 showed complete clinical regression, 29 were 
tlpfinitely improved, 10 were not improved to a marked extent and 10 
abandoned treatment. One of the earliest cases of clinical regression 




Fig. 84.— Patlcnl in Fig. S3. ih<.y.,«g imprDvemi-nl im.ii. . 
ilwn May. 1920. At ihi> litnf, ihe ptlieni was free from mar 
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that we obtained was mentioned by the writer in a previous article (Illi- 
nois Medical Journal, Aupfust, 1916). The patient referred to in the 
above report died later, probably from spinal metastasis, but her condi- 
tion was rendered comfortable and her life was apparently prolonged for 
about four years. 

Of the 5 operable cases that I have treated, 3 made a complete clinical 
regression that has been maintained for periods of from six months to 
two years. One case was refractory and one case abandoned treatment, 
after an initial marked improvement was noted in both instances. 

Improvement in the technic, such as the use of more massive doses of 
radium at a considerable distance from the skin combined with the 
implantation of bare emanation ampoules has led to better success 
in the last few years than was formerly thought possible. 

(16) Carcinoma of the Cervix Uteri 

Operable Cases. — In the treatment of operable cases of cancer of the 
cervix, it was the general opinion until recently that hysterectomy with 
preoperative and postoperative radiations was the method of choice. 
Janeway and others have lately expressed the opinion that radium treat- 
ment alone, in certain cases of operable cancer of the cervix, is now 
justified. Some authors even state that operation in cancer of the cervix 
should be replaced by radium. We have already referred to the fact that 
Bumm, Doederlein and Kroenig have taken this position and have aban- 
doned operation in favor of radium treatment in all cases of cervical 
cancer. Schaefer, a coworker of Bumm, has reported the following 
results: Of 155 cases of cancer of the uterus treated with radium which 
were either operable or on the borderline of operability, recovery oc- 
curred in 83 (53.54 per cent). Seventy-four of these cases were operable. 
Of these, 48 (66.21 per cent) were well after periods of one to three 
years. The foregoing results may be compared with the results of opera- 
tion in 203 cases reported by the same author. In this series 98 (48.27 
per cent) were well after periods of one to three years. Radiation seemed 
therefore to give results better than those obtained by operation. On the 
basis of these results, Schaefer has also abandoned operation for radia- 
tion in cervical cancer. 

Borderline Cases. — In cases in which the surgeon is in doubt as to the 
advisability of operation, radium treatment is undoubtedly the prefer- 
able procedure. In these cases, long experience has shown that operative 
interference is not followed by good results. In some cases in this cate- 
gory and even in some ca.ses that are strictly inoperable, radium treatment 
may render the case operable. It is probably best, however, not to at- 
tempt to remove the uterus when a clinical recovery has occurred under 
radium. 
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Inoperable Casea.^'Tterine cancer continues to yieltl most srotifymg 
results and the effect nf radium treatment in inoperable cases is far in 
advance of those ulitained by any other kunwn medical or surgical meth- 
ods." (Report of the London Radium lustilntp.) Certain authors are of 
the opinion that 25 per cent of inoperable uterine and vaginal cancer can 
be cured by radium. 

The clinical improvement of the majority of cases of carcinoma of the 
cervix under radium i.s striking. Ccs-sation of the hcmojThage and foul 
di.scharge and relief from pain are very frequently obtHined. Disappear- 
ance of fungating masses and healing of ulcernlion are often noted. In 




some eases, palliation only is lo be expcclcd. In a few cases, no improve- 
ment is obtained. 

The Technic of Treatment of Carcinoma of the Cervix.— The technic of 
treatment natiinilly varies ivith different ctises, and Indeed almost every 
experienced worker witJi radium has, to some extent, an individual 
metliod. The difference in technic is quite remarkable and illustrates 
the toleration of the cervix uteri and adjacent tissues to radium treat- 
^BJent. It is noteworthy, however, that the enormoii-s doses formerly rec- 
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uiiiiiipnilcil 1i,v SDiiie writers have been attended iint iiifre(|iiently bfl 
untowai-f] seqiiflae and particularly by roetovaginal and vesiGOvagiiv 
fistulae. The preseot tendency is toward moderate dosage iu or againal 
the cervix. 

A review of the different raethods as practiced by Bumm, Cheron-DuvaH 
Clark, Dfigrais, .Janeway, Kelly and Buriiam, Hayward Pinch, SchmitJ 
Wickham and many others, seems to demonstrate clearly that mnderatii 
dosage brings about the local disappearance of the cancer quite as ^ 
enormous doses and without the untoward effects that may attend th|^ 
use of very large quantitii'^^ of rjidium. We believe also that severaJ 




treatments are often preferable to a single treatment, although the effeetn 
may not seem quite so brilliant. Whether a certain amount of curetttE 
should precede radium treatment in order to remove fungating masses m^ 
debatable. We believe it is not advisable. We are opposed to preiim- < 
inury cauterization undertaken for the same purpose. In the tochnic of 
Ireutuiont much depends upon the distribution of the radium with refer- 
ence to the growth. When the radium is not too conccntrnled per unit 
area, larger doses are naturally tolerated. 

We shall mention at this time the tecbnie cif only a fi'w tlieriipeutista. 

Burrows (Manchester and District Kadium Institute) gives an exposure 
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o| 3000 millicurio hours. lie 1)uries in the jrrowth 5 to 7 platinum tubes 
(wall thickness Yio mm.) eontaininj? 120 millicuries and allows them to 
remain twenty-four hours. 

Hayward Pinch (London Radium Institute) ^ives a total exposure of 
about 1600 millicurie hours. One tube of not less than 53.6 mc. is intro- 
duced, if possible, into the cervical canal, and if this is impossible, into 
the po.sterior vaginal fornix. The screening is 2 mm. of lead plus 2 mm. 
of rubber. Several treatments are given — the duration of the entire 
treatment being twenty-four to thirty hours. 

Janeway advises in average cases an exposure of 6000 millicurie hours. 
lie used 300 millicuries in 3 tubes inside the uterus and 3 tubes contain- 
ing 200 millicuries over the cervix. The screening is the equivalent of 
S millimeters of lead plus rubber. One treatment of twelve hours is 
given. More recently he has inserted, in addition, bare emanation tubes 
into the cervix. 

Schmitz gives a total exposure of 2000 to 2400 milligram hours in 
the cervix and later the same dose against the cervix. lie uses fifty 
milligrams screened with 1.2 mm. of brass. 

My technic in average cases has consisted in giving an exposure of 
about 3000 millicurie hours. Tn suitable cases, 200 millicuries screened 
with 2 mm. of silver are introduced into the cervix for seven and 
one-half hours. Two subsequent exposures of fifteen hours each with 
50 millicuries screened with 2 mm. of silver plus 2 or more mm. of 
rubber against the cervix are then given at intervals of three or 
four days. It must be emphasized that there is no one technic adapted 
to all cases and that equally good results may doubtless be obtained in 
the same class of cases by different methods. In addition to the intra- 
uterine and intravaginal exposures, it is imperative to use powerful deep 
radiations over the abdomen and sacrosciatic notches. Three portals of 
entry may be mapped out on the abdomen. Five hundred to 1000 millicuries 
screened with 2 mm. of brass may be applied over each portal at a distance 
of 6 or 10 centimeters for twenty-five or eighteen hours in periods of ten or 
more hours each. The emanation may be arranged on a pad having a 
superficial area of 100 square centimeters. The splenic area should be 
carefully protected during the abdominal radiations. 

In carrying out intravaginal treatment, it is important to pack off well 
the posterior vaginal wall, as the rectum is especially sensitive to radium 
rays. Treatment may otherwise be followed by proctitis. 

When treatment is undertaken for recurrences after extensive pelvic 
operations, the quantity of radium used in the vagina should be reduced 
by one-half and the time of exposure by one-fourth, otherwise the radium 
may cause at times a destructive and intractable reaction. Following 
intravaginal radium treatment, douches should be systematically given 
for at least six or eight weeks to prevent the formation of adhesions. A 
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second series of treatments six or eight weeks after the first series may 
be advisable but tliese should always be of less intensity. Too powerful 
or too frequently repeated exposures may result in painful and destruc- 
tive reactions which may appear many months after the treatment is 
discontinued. 

From the standpoint of treatment. Dr. John G. Clark draws a sharp 
distinction between cancer of the cervix and cancer of the fundus uteri. 
In the former condition, he advises the use of radium; in the latter, he 
advocates hysterectomy even thoujrh the disease is advanced. Many 
authors advise the use of radium in all borderline and advanced cases 
of cancer of the uterus, irrespective of its location. 

Results of the Radium Treatment of Uterine Ga,ncer. — The literature 
of the subject has grown to such great proportions that we shall mention 
the results of onlv a few authors. IVFanv additional references will be 
found in the bibliography. 

Tn the course of five years, H. Cheron and Rubens-Duval treated 158 
cases of primary and recurrent inoperable uterine and vaginal cancer. 
Tn 155 cases there was improvement that was anatomically verified. In 
93 cases, the improvement was marked. The authors .state that in 46 
cases there was probably a definite cure. Tn only 2 cases was the treat- 
ment without appreciable good effect. 

These authors have also reported a case that may be mentioned as show- 
ing the possibility of a complete anatomical cure of localized cancer with 
radium. The patient referred to suffered from inoperable cancer of the 
uterus and made an apparent recovery under radium. Fifteen months 
later the patient died of another disease and histological examinations of 
the various organs of the l)ody showed no trace of cancer. 

Kelly and Burnam have reported a series of 213 cases of cancer of the 
uterus treated with radium in which the results are thus summarized by 
the authors: '*Out of 21T5 cases treated, 14 were operable and 199 
inoperable. 

** Operable cases: Of the 14 operable cases, 10 patients were operated 
on and treated prophylactically with radium. Of these, 2 have been well 
for more than three years, 1 for more than two years, 4 for more than 
one year, and 3 for more than six months. The number is too small from 
w^hich to draw conclusions, and yet is suggestive when we consider that 
in 75 per cent of all cases with operation there is recurrence and that 
60 per cent of these recurrences take place within one year following 
the operation. 

'*In four cases of the operable group, on accoimt of some general con- 
traindication to operation, radium alone was used. All of this group are 
living and w^ell ; two for over three years and two for over one year. 

"Inoperable cases: The total number of inoperable cases and inoper- 
able recurrent cases is 199, of which 53 patients have been clinically 
cured, 109 markedly improved and 37 not improved. 
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"Our series ineludes 35 of originally inoperable eancer of the cervix 
uteri or va«rina in which the patients are clinically cured, in 2 cases for 
over four years, in 2 cases for over three years, in 4 cases for over one 
year, and in 10 cases for over six months. It also includes 18 cases of 
oricrinally inoperable recurrent cancers in which the patients are now 
clinically cured ; in 1 case for over six years, in 1 case for over four years, 
in 11 cases for over two years, in 10 cases for over one year and in 5 
cases for over six months. Excludinf?" the operable cases, in which we 
have both operated and used radium, there are 203 cases left; in 57 of 
these 203 cases the patients are 'clinically cured.' We will reserve the 
word cured for later reports, to apply to cases beyond the five year limit, 
which has been conventionally adopted by surjjeons as a time limit for 
estimatin«f the permanency of cures of malignant disease. Of the 57 
clinical cures, 1 has lasted for six years, 3 for over four years, 4 for over 
three years, 5 for over two years, 29 for ovei' one year, and 15 for over 
six months.'* 

R J. Taussig has recently collected the available literature dealing 
with five year radium cures of cervical cancer. Out of 1114 cases, oper- 
able and inoperable, reported by twelve authors in different countries. 
223 were said to be well after five years (about 20 per cent). Out of 415 
operable cases, 131 were well after five years (about 31 per cent). 

Between January, 1913, and January, 1921, the w^riter treated 138 
cases of carcinoma of the cervix. These cases may be divided into three 
groups. 

(a) Primary doubtfully operable, i.e., ^'borderline'' — 10 cases. 

(b) Primary inoperable — 88 cases. 

(c) Inoperable recurrences after operation — 40 cases. 

Of the 10 borderline cases forming the first group, we have reports 
from fi. Three of these are living after more than three years and 3 are 
dead. 

Of the 88 primary inoperable cases forming the second group, reports 
have been obtained from 45. Twenty-eight of these are living and 17 
are dead. Twelve of the living cases are well after more than three 
years. It may be stated, however, that in this group of inoperable cases 
there were 12 in w^hom palliation alone was attempted. 

Of the 40 inoperable recurrences forming the third group, we have 
reports from 20. Of these 8 are living and 12 are dead. 

Of a total of 138 doubtfully or wholly inoperable cases, 51 have been 
lost sight of. Eighty-seven have been traced, of whom 30 are living 
and 57 are dead. If we assume that none of the untraced cases is liv- 
ing the proportion of clinical recoveries for more than three years is 
slightly more than 21 per cent. 

In the majority of all of our cases, except those in which palliation only 
was attempted, local healing occurred under radium, and life was pro- 
longed and made bearable. 



228 BADroM THERAPY 

SARCOMATA 

When treated early and before dissemination to various parts of the 
body has occurred the results of radium treatment in sarcomata are on 
the whole beneficial. Unfortunately, the occurrenee oE metastasis may 
sooner or later render the prognosis unfavorable, but numerous cases 
have remained well for considerable periods of time. 

Different types of sarcomata exhibit marked variations in their radio- 
sensibility. Lymphosarcoma is particularly sensitive to treatment. It 
is one of the most gratifying of all growths in its response to radium. 
In this type of disease, large tumors which may affect the neck, medias- 
tinum, retroperitoneal lymph glands, etc., may disappear in the most 
surprising fashion. 




In a type of tumor usually referred to as sarcoma but classed by Jane- 
way and Ewing as "teratoid carcinoma of the testis and ovarj*" a remark- 
able susceptibility to radium is seen. Jancway has reported a number 
of cases successfully treated. 

In one of the writer's cases, referred by Dr. W. A. Stuhr, which was 
probably of the type just mentioned, a large mass was present in the 
right hypoehondrium. The tumor extended from the costal arch to the 
umbilicus and was apparently larger than a child's head. This growth 
had been preceded a year before by a sarcoma of the right testis which 
had been surgically removed. Complete disappearance of the abdominal 
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tumor occurred within a few weeks under radium treatment. The patient 
is now in excellent health after more than three years. 

Melanosarcoma is not, as a rule, favorably affected by radium but in 
exceptional eases may yield completely. 

We may refer briefly to sarcomata occurring in different situations. 

(1) Sarcoma of the skin is usually amenable to radium treatment. 
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(2) IVriustcal Scin'oma is t'lvcjiiciitly bciiffiti'il by radiuui. 

(•J) Sarcoiiinta of the tonsil and postnasal space an? friMjurntiy aiiieii- 
ablc to radium and very strikinjr results arc somctinics ol)tained. 1 liavo 
treated in eon junction with Dr. O. T. Freer tliree cases of sarcoma of the 
postnasal space in wliitfh i-ecovery occurred. Two of tliest^ cases liavc; 
reinain(»d well for more than three yt^ars. In one case, late glandular 
involvem(»nt j)roved fatal. 

(4^ Sarcoma of the larynx nuiy be treated in a similar nninner to tliat 
su^ji:ested for carcinoma. 
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tiiiiior ti-calcd with nidiiini, in wtii<rh tlie {jreatest improvement occurred 
in all but 1 i-ase. 

The Tectanic of the Treatment of Sftrcoma,— The method of treatment 
varies greatly aeenrding to tlie situation and size of the tumor. Iii post- 
nasal eases, 100 nie, or more, screened with 1 mm. of silver plus 1 mm. 
of rubber may be used. Contained in two tubes placed end to eud, the 




riulium may be applied t)ir<iut;h the anterior narcs for six hours in sev- 
eral periods of two or tliree hours eaeli. The treatments may be given 
every day or on alternate days. In tonsillar sarcoma, radium needles 
may he Imrieil in the frrowth ((iO mg. in a needles, */io ^^- screen, 8 
hours), or bare fmanalioii tulies may preferably be used. In orbital 
sarcoma, 100 mi'., si-icrned with 2 mm. of brass may be inserted into the 
orbital cavity for six iioui-s. This treatment should follow evisceration 
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or exciitpration eitlicr at the lime of the upcraliiiii or in ttie event of 
rccurrenee. In all types nf deep sfii'conm or whi'n larjrc masses exist, 
deep raying with large quantities of radium is the method to be chosen. 
Five hundred or 1000 nie., to eaeh 100 square centimeters, screened with 
2 mm, at brass and placed at a distance of six or ten eentimeters may 
be applied. At a distance of (» em., 12,500 me. liours and at a distance of 




10 em., 18,000 me. hours may he given. In mediastinal tiimoi-s, Kelly 
and Burnam have used more than a gram of radium at a distance of 
from V/^ to 6 inches, for periods of fnur or more hours on eacli area. 

Paneoast has reported some eni'oiiraginK results following tlie radium 
treatment of brain tumon> (sareiuna, <rli')ma. endothelioma, pituitary 
tumors). 
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B. BENIGN TUMORS 

The troatnicnt of keloids, nevi, ete., will be considered in the chapter 
devoted to Radium in Dermatolojry. 

The treatment of fibromyomata of the uterus will be considered in the 
chapter on Radium in flynecolojry. 

C. CHRONIC INFECTIONS 

Tuberculosis 

Tuberculosis of the skin will be considered under Radium in Derma- 
tolojory. 

Tuberculous Adenitis 

In the early stajres of tuberculosis of the lymphatic glands, radium 
treatment frequently causes a diminution in size of the prlands and some- 
times brings about a clinical recovery. Moderately deep radiations 
should be given. Two hundred millicuries distributed in the ratio of 
V/2 mc. per square cm. screened with 2 millimeters of brass and placed 
at a distance of 3 centimeters may be employed for thirty hours in peri- 
ods of ten or more* hours each. 

Tuberculous Sinuses 

On numerous occasions we have introduced 25 to 50 milligrams con- 
tained in two or more tu})es screened with one mm. of silver along the 
course of tuberculous sinuses leading to the bone. A total exposure of 
four to eight hours has been given. Improvement has sometimes fol- 
lowed. Other authors have reported the healing of such sinuses. 

In military surgery, Cameron has seen improvement follow the intro- 
duction of a radium tube containing 10 milligrams screened with one mil- 
limeter of silver into chronic sinuses for periods of ten to thirty minutes 
repeated several times at intervals of two to four days. 

Actinomycosis 

Actinomycosis has been treated with radium by Ileyerdahl wlio has 
reported six cases. Four of these were clinically cured and two were 
improved. 



CHAPTER XVI 
RADIUM IN GYNECOLOGY 

A. MALIGNANT TUMORS 

The treatment of eareinoma of the uterus, the labia, the urethra, etc., 
has already been considered in the chapter on Radium in General Surgery. 

B. BENIGN TUMORS 
Fibromyoma of the Uterus 

Dr. Robert Ab])e, of New York, was the pioneer in the use of radium 
in fibromyoma of the uterus. His first case was treated in 1905 by the 
introduction of radium into the interior of the uterus. In proper eases, 
radium treatment of uterine fibroids is now a routine procedure with 
those who have had experience with the method. Abl)e, J. G. Clark, 
Deorrais, llayWard Pinch, Kelly, Schmitz, Stacy, Wickham and many 
others have used radium extensively in this condition. Kelly has reported 
a series of 210 cases. Clark has observed more than 150 cases. I have 
treated over 60 cases. While there is <?eneral a«^reement as to the ben- 
eficial results of treatment, there are naturally some differences of opinion 
as to the class of cases in which radium is most suitable. With our pres- 
ent experience, we believe that one is justified in usin<? radium in all 
cases of fibromyoma that are causinor symptoms unless a positive contra- 
indication is present. Clark believes that fibroids in young women should 
be radiated with f?reat caution on account of the possibility of bringing 
on an abrupt and serious menopause, lie ordinarily limits the use of 
radium therefore to cases occurnng within the menopausal cycle. Kelly 
apparently does not recognize an age limitation. Sixty-four of his cases 
were under forty and in twenty-eight of these, the tumor practically dis- 
appeared. The presence of acute or quiescent inflammatory conditions 
in the pelvis is a positive contraindication. Clark believes that when the 
tumor is larger than a three months' pregnancy, operation is to be pre- 
ferred. Dr. L. J. Stacy of the Mayo Clinic also believes that very large 
fibroids should be operated on and draws attention to the possibility of 
mistaken diagnosis and of unrecognized carcinoma of the fundus. Many 
authors do not regard the size of the tumor in itself as a contraindication 
to radium. The cervical, the submucous and the pedunculated varieties 
of fibromyoma are not suitable for radium treatment. Fibroids under- 
going degeneration should not be treated with radium. 

The chief positive indication for radium treatment is uterine hemor- 
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rhage due to the fibromyoma. Radium may be used, however, when 
hemorrhage is absent. The results of treatment are, in most cases, the 
cessation of the menorrhagia and metrorrhagia and the production of 
amenorrhea ; tlie reduction of the size of the fibroid, which may in some 
instances disappear. In some cases, the menses may reappear even after 
as long a period as two years. The application of radium entails no 
operative mortality. If radium fails, operation can be resorted to if 
thought advisable. 

Technic of Treatment of Uterine Fibroids. — The teehnic of treatment 
naturally varies, depending upon the nature of the case and also upon the 
operator. Radium may be applied either by intrauterine applications, 
or externally l)y surface radiations over the abdomen when the size of 
the fibroid warrants the latter procedure. Good results may be obtained 
by moderate doses in the uterus. In cases in which radium is applied 
externally over the abdomen large doses are necessary. The intrauterine 
application of radium is to be preferred as a rule to its external applica- 
tion. Both procedures may be used coincidently in suitable cases. In 
some cases, when there is great objection to intrauterine application or 
when the pelvis is choked by the growth and intrauterine manipulation 
is impossible, radium may be introduced into the posterior fornix and at 
the same time powerful radiations may be used over th^ fundus uteri. 
The latter method has ])een used successfully by Ilayward Pinch and 
others. External treatment alone mav l)e successful. 

1. Intrauterine Radiations. — By an intrauterine application of suffi- 
cient intensity the endometrium may be destroyed but ovarian activity 
may be preserved. In this respect the intrauterine application of radium 
appears to possess features of advantage over treatment with x-rays, as 
the symptoms of the menopause are frequently slight when radium is used 
in this manner and may be pronounced after x-ray treatment. The 
amenorrhea that is produced should last if possible until the fibroid has 
practically disappeared as the tumor may begin to grow again if men- 
struation returns. If this latter event happens, the treatment may be 
repeated if thought advisable. The production of amenorrhea requires 
ordinarily an application to the interior of the uterus of from 1000 to 
1500 millicurie hours. The quantity of radium used and, therefore, the 
length of the application vary with different operators. 

Dr. Howard Kelly has used 500 millicuries in the uterus for three hours. 
In the teehnic of the above author's treatment, the radium tube, screened 
to emit only gamma rays was screwed to the end of an ordinary uterine 
sound and introduced to the fundus uteri. The radium was allowed to 
remain not longer than one-half hour in one place, an average of six 
changes being made by turning once from right to left and then by with- 
drawing the sound one cm. at a time. 

Dr. J. G. Clark has used 50 milligrams enclosed in one or two tubes. 
An intrauterine exposure of from six to twenty-four hours has been 
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given by this author, the shorter exposure being used in women under 
thirty-five and the longer, in women in the menopausal eyele. 

ITayward Pinch of the London Radium Institute has applied about 
50 millieuries screened with 2 millimeters of lead to the posterior fornix 
or to the interior of the uterus. The same quantity was used simultane- 
ously over the fundus. When the posterior fornix was the site of appli- 
cation, a total exposure of thirty to sixty hours was given in the course 
of five to ten days. The series of treatments was repeated in six to eight 
weeks. If the interior of the uterus was treated, an exposure of from 
twenty-four to thirty hours was given. 

ily method consists frequently in the use of 100 millieuries properly 
distributed over the interior of the uterus. The screening is usually 
2 millimeters of brass or its equivalent of another metal plus 2 millimeters 
of rubber. With or without gas anesthesia, the cervix is dilated and 
curettage is performed in order to exclude malignancy and remove any 
polypi. The cavity of the uterus may be swabbed lightly with a 5 per 
cent solution of iodine. The radium tube or series of tubes, arranged so 
as to radiate the uterine cavity homogeneously, is then introduced and 
allowed to remain for from ten to fifteen hours. As a result of an intra- 
uterine treatment, there may be some nausea and vomiting and a feeling 
of depression in the ensuing twenty-four or forty-eight hours. There is 
usually no subsequent pain. Hemorrhage usually stops at once, but in 
some cases may diminish gradually and may persist to a slight degree 
for several weeks. 

Following the treatment there may be a yellowish leucorrhea but this 
usually ceases within six weeks. The menopausal symptoms naturally 
vary with the age of the patient. In younger patients they may occa- 
sionally be quite severe, but in those within or past the menopausal cycle, 
sequelae of this kind are slight or absent. 

2. Surface Radiations. — By employing surface radiations over the ab- 
domen a result similar to that obtained by intrauterine applications may 
be produced. Surface radiations are adapted to very large tumors. 

Employing this method, Kelly has used 1000 millieuries at a dis- 
tance of 10 centimeters from the skin. The emanation was distrib- 
uted at various points over the a])dominal tumor and a total exposure 
of twentv-four hours was given. A satisfactorv result may be ob- 
tained by using 500 millieuries, screened with 2 millimeters of brass. 
Distributed on a pad so that there may be a concentration of 5 milli- 
euries per square centimeter, 500 millieuries may be applied to different 
areas at a distance of 6 centimeters from the skin for twenty-five hours 
over each area in periods of ten or more hours each. At a distance of 
10 centimeters, 500 millieuries may be applied for thirty-six hours in 
several periods. The course of treatment should extend over one or two 
weeks and may be repeated in six or more weeks if thought desirable. 
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although smaller doses should invariably be given in subsequent treat- 
ments. 

C. METRITIS AND ENDOlffETRITIS 

In chronic metritis and endometritis recovery may often be brought 
about by the intrauterine application of radium. Several tubes, arranged 
tandem and containing a total of 50 millicuries, screened with the 
equivalent of one millimeter of lead and one millimeter of rubber, may 
be applied for from eight to ten hours. The treatment may be repeated 
in six weeks if necessary. Endometritis that has resisted all the ordinary 
measures and was formerly curable only by the removal of the uterus is 
sometimes completely relieved. 

D. METRORRHAGIA AND MENORRHAGIA NOT DUE TO 

GANGER OF FIBROID 

In metrorrhagia and menorrhagia due to causes other than cancer and 
fibroid, radium is sometimes of the greatest value. S. M. D. Clark has 
reported 50 cases of the above conditions benefited by radium. This 
author states that in ''hemorrhage in young women" without definite 
etiology, in aggravated and intractable dysmenorrhea, and in "chronic 
metritis*' with bleeding, radium has given promise of complete relief. 

E. MYOPATHIG HEMORRHAGE 

In myopathic bleeding from the uterus many authors have reported 
favorable results. In such cases, in which there is persistent uterine 
bleeding at the menopause without gross demonstrable cause, radium is 
very efficient. One hundred millicuries screened with one millimeter of 
silver and two millimeters of rubber may be applied to the uterine cavity 
for ten hours. 



CHAPTER XVII 

RADIUM IN DERMATOLOGY 

We have already referred to the fact that radium rays may produce 
either a "selective" or an ''inflammatory" reaction in the skin. By 
some writers, the ''selective reaction," a process by which pathologic 
tissues are altered without visible inflammatory changes, is held to be 
the more important. The ease, however, with which the actual destruc- 
tion of certain pathologic tissues can bo produced leads us to place ra- 
dium in the front rank as a destructive agent. Within certain limits, 
radium is superior to the other common destructive agents used in der- 
matology, such as chemical caustics, the cautery, carbon dioxide snow 
or liquid air, electrolysis, etc. In actual dermatologic practice, one 
often combines the effect of the "selective" and the "inflammatory" 
reaction. The inflammatory reaction should be reduced to a minimum, 
however, and, if possible, avoided altogether in treating most dermatoses. 
T^o free use of the inflammatory reaction, when the cosmetic appearance 
of the treated area is important, is undesirable on account of the possi- 
ble development, within the succeeding eight or ten months, of telangi- 
ectases. These are almost always the result of too large doses. 

Fortunately even a scar resulting from too strong doses of radium is 
almost always smooth, elastic and free from defects inherent in almost 
every other kind of destructive measure, except the telangiectasia men- 
tioned above. In favorable cases, the color of the previously irradiated 
skin area is almost like that of normal skin. A slight pigmentation may 
be present for a time, but this alw^ays disappears sooner or later. "From 
the histologic point of view, the action of radium on the integument, at 
least in therapeutic applications, can be shown to produce the same ef- 
fects whether the condition of the skin be normal or diseased. The ele- 
ments of the epidermis, whether physiologic or pathologic, are absorbed 
by degrees and disappear, while the overlying malpighian epithelium 
persists. The cells of the vascular connective tissue, whether normal or 
modified by inflammation or a carcinomatous process, have an alternat- 
ing evolution. In the first stage, they return to the state of embryonic 
connective tissue cells; in the second, they again arrive at maturity 
under the form of elongated fibroblasts, which are superimposed and fol- 
low the regular lines of stratification, again forming connective tissue 
bundles and elastic fibers." (Dominici and Barcat.) 

We may mention here the main groups of dermatoses in w^hich radium 
offers a possibility of use: 
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A. Mulifjiiiiiit tumors, 

B. Benign luniors. 

C. Clironic infections. 

D. Inflammatory and g ran ill inn at o us iiifiltriitions of uncertain nature. 

E. Ilypertropliics. 

F. Neuroses. 

G. Disorders of IIil- appcndafres o£ the skin: . (a) Sebaceous glands: 
(b) bair and bair foUieles. 

A. HAUGNANT TUMORS 

Tbe treatment {if epithelioma, carcinoma, and sarcoma of the skin has 
already been referred to in the chapter on radium in general surgery. 
Among the other malignant growths of the skin wliieh may be greatly 
benefited by radium are Paget's disease, xeroderma pigmentosum, and 
mycosis fungoidos. 

B. BENIGN TUMOES 

(a) Keloids 

Keloids and certain cicatricial bands arc very favorably influenced bv 
radium. 

In keloids of recent forniatiou, especially wlicn they occur in cliil- 
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(Ii-fn, ii very fxi'i'lk'iit ri'suU is fri'i|uciitly iiliUiiiKril. Ill siiino rasps the 
skill nijly tii^ i|iiit»' niiniial in ajvin'aniiicf jiftfr iiivdjitliijii iir (tic kplnid, 
III otiier eases, (lie Irpalfil ari'a may lie tiiii wliile (ir too red. iir it may 
liave a siiimitli. Klazeii aii]ieaniiii-e ivjiicli, a1t]i(iii<rli ililTeeiii).' fiiiiii iionnal 
skill, is not misatisfaetory ivlieii eiiiiipared witli tlie keloid itself, T'snall,v 
tile keldii] is levelled and ]iaiii is eniuiiletelv relieved, fiiiiipared with 
i.llier inellii.ds of Ireatiiieiit, i-ailiiiiii is easily llie metlind of elioiee in 
tile treatment of tlli.s eonditioii. 
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Ill keloids uiixfd willi st-jii- lissuf. tin- |ifri<:ini,sis is imt su riivdniblc as 
UHire iiiteiisivt' treatment iniiNf iic jrivcn. 

The Technic of Treatment of Keloids.- Tin- tcciinii^ i>r Irentniciit of 
true ki'l..i.ls ivill vary <:n-iilly jK-c-.rtliiisr to tin- hit.- i.f tin- piitit-nt ami the 
size and diiratifni of tlic h-s'um. A leiitjitivi- c-mii-s.- r.f In'jitiin-nt injiy 
first he niven. Oiii'-l'oiirlh or i.iic-liulf slr.'usilh vjiniish m- ^.-lazed ap- 
I)Ui-at'>rs limy he iis.x.l. Sci'i-t-iieil wIlli ;,„ unit, nf l.'ii.l aiiil applieil 
dosely t" the skin, u eoiii'se "I! two In I'oiir htmrs in six pi-rituls may lit: 
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given. At a distance of 2 mm., the time may be doubled. In children 
one-half or one-fourth of this dose should be used. In keloids of con- 
siderable thickness, radium salts or emanation in tubes instead of varnish 
plaques may be used advantageously. One hundred millicuries of radinm 




jgraph lakcn Janoa 



emanation having a concentration of 5 millicuries per square centimeter, 
screened with 1 millimeter of lead and at a distance of 1 centimeter may 
be applied for eight or ton hours in periods of one or two hours each. 
The series of treatment may be repeated in about six weeks, but the sub- 
sequent course should be of less intensity. 
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''Above all, the principle which governs the tcchnic, and of which the 
operator must never h)se si<fht, is the necessity for influencing? the 
keloids to the extreme deptli of their l)ase, and actinii: on their peripheral 
prolongations, which sometimes extend far beyond their visible limits. 
The treatment of a keloid should only be considered complete when the 
tissues show an almost normal elasticity on palpation, even at a depth. 

*'It is possible then, to make use of total radiations of jrreat power, 
composed largely of Beta rays, and employ them in fretpiently repeated 
exposures of .short duration; or of 'surpenetrant* radiations of weak 
quantitative value, allowing them a sufilciently long action; or of the 
simultaneous application of several instruments acting opposite each 
other, by the system of 'cross fire.' By these means, which lead to the 
absorption of the growths, we can utilize the selective pgwer of radium. 
But they are sometimes slow, and in order to gain time it is often w^ell 
to act more energetically, undeterred by the fear of producing a certain 
degree of destructive inflammati(m. In the application of these diflPerent 
processes, two important data must be borne in mind, viz., (1) the great 
resistance shown by keloidal tissue, from which results the possibility of 
using fairly large doses, without producing any reaction worth mention- 
ing: (2) the futility of aiming at the entire avoidance of superficial inflam- 
mation. If the 'specific' dose be slightly exceeded, a small dry crust 
with a dry base is produced which will not in any way hinder the course 
of the treatment. If there is any hesitation as to which of two doses, 
intended to obtain simple modification without destruction, shall be 
chosen, there can, therefore, be no objection to deciding on the stronger. 
Keloids which respond most readily to the employnu»nt of specific doses 
are those of recent formation in process of evolution, and those of young 
children." (Wickham and Degrais.) 

In the treatment of keloids mixed with scar tissue and also in dealing 
with fibrosclerotic bands, the doses suggested above may be slightly in- 
creased so as to cause an actual destructive reaction. This procedure 
should be followed, how^ever, only when the milder doses have failed. 
It must be remembered also that destructive doses may cause a reaction 
requiring weeks for healing and that telangiectasia may eventually occur. 
Even under these circumstances the final result, skillfully produced, is 
usually much to be preferred to the origiiml lesion. As pointed out by 
Wickham and Degrais not all disfiguring scars are amenable to radium 
treatment. Depressed scars, e.g., such as those resulting from smallpox, 
cannot be remedied by radium. 
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(h) Angiomata and Lymphangiomata 

Aiiginniatji and lymph an Eioinata, as a class, were most unsatisfactory 
to treat iiiitil the advent nf radium. Ifany of tlie more modem methods, 
siieh as tile iiijei^tion of boiling water, or hydropon peroxide, destrnction 
liy liquid aii', ('0„ snow, oleetrolysis, ete., are more or less painful and 
on this aeeonnt alone are unsatisfactory, particularly in the treatment 
of children. With these destructive methods, it is difficult or impossible. 




in extensive cases, to olitaiu uniformity of coloring of the affected areas. 
With radium, on tlic other hand, a fading rather than a destruction of 
the angiiiiiia can often he brought about. While a certain place is left 
for other mclliods, radium is onr most satisfactory agent in dealing with 
most cases of angioniata and lymphangiomata. Not all cases respond 
equally well, but in favoi-able and -selected cases a good eosmetie result 
may he anticipated. 
In considering the treatment of angiomata with radium from a clin- 
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. ieal standpoint, wo may fullnw, in (lie main, the s''<>iipin<; siipiKested by 
Wiekham and Dcgrais. On the basis of treatment, these autliors have 
divided vaseular nevi into the fdllowinjj groups: 

1. Flat, superficial aiigioniata, level with the skin. 

2. Flat, deeply infiltrating angioniata, level with the skin. 
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3. Itaisetl aiigiomatii, iisujilly with hard and nioro nr less sclorntii' sur- 
faee, 

4. Raised angiomata. usually siifl and siimetinies pulsatile and eiectile. 

5. Deep, subcutaneous and sul)tnin!inis anginniatous (umors. 

The above groups include the mure tonimon types nl angiomalu. These 
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different types, however, merj?e into eaeh other and different forms may 
be present in the same person. 

The Technic of Treatment of Ano^iomata. — The metliod of treatment 
with radium naturally varies with the type. For most superfieial anp^io- 
mata, nothing: equals the "toiles'' or the glazed plaques. For deep 
an«:iomatous tumors, tubes may be employed, althou*^h the flat appli- 
eators answer equally as well. 

1. Flat Superficial Anfjiomaia {'^Pori-winc Sfaius"). — Tn the treatment 
of this type of tumor, one cannot too strongly insist upon the necessity 
of the avoidance of inflammatory reaction. The production of slight 
redness and scaling of the skin is sometimes permissible, but an endeavor to 
bring about more rapid results by strong treatni'^nt will only be fraught 
with disaster. Tf the dosage is too powerful or the technic unskillful, the 
coloring may not be uniform and telangiectasia may occur. As an ex- 
ample of the technic, we may suggest the use of a V>n strength '*toile." 
With this style of applicator screened with ^/lon ^r l^,o uim. of aluminum 
and applied closely to the skin, an ex])osure of from two to four hours in 
periods of an hour each on successive or alternate days will suffice. In 
children, one-half of the above dose should be given. Tf a sliirht fading 
of the angioma occurs in six or seven weeks, sufficient will have been 
accomplished. Subsequent series of treatments should be of less inten- 
sity. With no class of cases is a refined and skillful technic more neces- 
sary in order to accomplish good results. Sometimes only a partial 
fading of the angioma can be brought about. 

2. Flat, Deeply J )i filtrating Anqiomata. — Th? method of treatment of 
this type of angioma is similar to that employed in the first group, except 
that it is permissible to use stronger doses. Angiomata of the first group 
can sometimes be quite well concealed by the artifices of the toilet. An- 
giomata of the group that we are now considering are often so deeply 
colored and unsightly that no amount of artificial coloring or disguising 
really conceals them. We are justified, therefore, in proceeding some- 
what more boldly. With the same a])paratus and screen used in treating 
tumors of the first group, we may give an exposure of five hours in 
periods of an hour each on successive days. With one-fourth strength 
apparatus, screened with one-tenth millimeter of lead and api)lied closely 
to the skin we may give a total exposure of from three to four hours. 
At a di.stance of 2 millimeters, six or eight hours may be given. Only a few 
square centimeters should be treated at one time until the effect is ob- 
served. Severe reactions should be avoided. In subsecpient courses of treat- 
ment, instituted after six weeks or two months have elapsed, the screening 
may be increased to 710 nim. of lead and a total ex])osure of five or six hours 
in several periods of one or two iiours each may be givcni. It is difificult to 
obtain good results in this group, but in some cases the final appearance 
is excellent. 
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3. Raised ^^Ifard" Angiomata. — This group comprises a considerable 
number of clinical types with no exact limitations. The size and extent 
of the tumors vary greatly. In some, the surface may be smooth; in 
others papillated and irregular. A varying degree of hardness is noted 
on palpation, some being quite sclerotic. In this group, one is justified 
in producing definite reaction. With ^4 strength applicators, applied 
closely to the skin, a total exposure of two hours when unscreened, 
or ^\e hours wlien screened with Yio mm. of lead may be given as a first 
course. Screened with Y^q mm. of lead plus 2 mm. of rubber, ten hours 
may be given. Not over 4 square cm. should be treated at one time. The 
treatment should be divided into several periods of one hour each. When 
the reaction sul)sides, a less intensive course with double the thickness of 
screen may be given. 

4. Raisfdt ''Roft" Avgiomata. — In this group are included variously 
sized tumors. A frequent type is the "cavernous angioma," seen partic- 
ularlv in infants. This tumor is elevated one or more centimeters above 
the skin level, and is frequently limited to an area of several square 
centimeters. In more extensive cases, the entire side of the head may be 
involved so that there is great deformity. It is in this group that radium 
is particularly satisfactory in its effects. One should endeavor to utilize 
to the fullest extent the selective action of radium. Success frequently 
attends doses that produce little or no inflammatory reaction. The "cross 
fire" method suggested by Wickham, in which the raised tumor is attacked 
from different sides, is especially useful. With one-quarter strength 
applicators, screened with one-tenth millimeter of lead and applied 
closely to the skin, an exposure of three or four hours in several periods 
may be given on one area. At a distance of 2 millimeters, eight hours 
may be given. As in the previous instances, not over 4 square cm. should be 
treated until the effect is observed. The course may be repeated in six or 
eight weeks. In the case of very extensive tumors in infants, an exposure 
of two hours when the applicator is closely applied may be suflficient for 
the first course of treatment. Subsequent courses should be of less intensity. 

5. Deep, Suhcnfaveons and SuhmncoHs Tumors, — ^\^ery extensive tumors 
may be treated successfully. In these cases the deep penetrating method 
should be used. It is best to treat separate sections of the tumor succes- 
sively so as not to give an overdosage. Tubes may be used in this type 
of tumor, although plaques are more satisfactory. One hundred and fifty 
millicuries of radium emanation, having a concentration of 5 millicuries 
per square centimeter, screened with 2 millimeters of brass and placed at 
a distance of two centimeters, may be used on an area of about 30 square 
centimeters for ten hours in several periods of two or three hours each. 
Full-strength radium plaques may be used in a similar manner. 

The "cross fire" method should be utilized to the utmost in order to 
spare the skin. At intervals of six or eight weeks, subsequent courses of 
less intensity may be needed, although two, or at most three, courses are 
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The Tecbnic of Treatment of Lymphangiomata. — Those rare linnnrs 
yield in excellent fashion I" riiiliiini. Abbe lopoited upon the Ireatment 
of the first cases in 1915 and a few mouths later I reported an extensive 
case involving the buttnek and thifrh that had been smetressfiilly treated. 
In lymphangioRiata affeetinj; the nmcnus nn-inlinines and partieularly 




the tontcne, radium is of unit|iie value and can hardly lie replaced by any 
other aRcnt. The method of treatment is similar lo that f»r angioinata 
of the third group. 

(e) Nevus Pigmentosus 

Pigmented ncvi involvinjr an area nf several .sipiare centimeters are 

amenable to radium. Very minute nivi should be treated liy other mcth- 



BAUirU THERAPY 

lids. Ciniwtlts lliiit nvv very iiiisijriilly in cimseiiiK'tK'c uf nifrositics and 
prent thiekpniiifr. the presence of hair, and verj- dark pigment, are espe- 
cially likely to yi<;Ul In treatment. Radium has unfortunately no selec- 
tive aetion on pigmented ncvi and in order to cause them to disappear 
destructive iIohps must lie ii«'d. The final i-esult therefore may not bo 
as K'lod as in imgiomala. due tn llic fftft that the treated area may lie 




iiiipvftily i-nlored nnd tfiere may be points of repigmentatioii. We don 
not therefore rceommend ihr use of radium in faintly pigmented nevi. 
The Technic of Treatment of Pigmented Nevi. — Great care should be 
used in the treatnu'nt in order not to give excessive doses. With one- 
(jiiarter strength applicators, applied closely, an exposure of one or tw 
hours may be given without screening. Following this, an exposure ( 
ttto hours with a screen of '/io millimeter of lead may be given. 
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proc-Ptlurc iirodm-ps a sliglitly lUrstruutive action. TIil' l[-.-;ilrinMil. nmy 
be repeated, but with less intensity, in ciglit weeks. The finnl result will 
depend vcrj' largely upon the judicious sidection of cases and perhaps 
most of ail, as in other cosmetic difficulties, upon the skill and care with 
which the treatment is (tarried out. 
"Fordycp's disease" of the niuemis iiienihriinu nf the chcvk ami lip-; 




IKS been IrcHtiMl sueeessfuliy by Hayward Pinch, myself und oiIilt writ- 
A glazed placgue of Vf strength, unscreened, may be used and a sharp 
taction may be produced. An exposure of forty-five to sixty minutes 
lay be given and repealed, if necessary, in a few weeks. 

In yarioiis other benign tumors of the skin, radium has been found to be 
f value. Among these may !)e mentioned espeeially linear nevus, in which 

dium is of the greatest value. Dermatitis papillaris capillitii, molluscum 




ci>iilJiy:iosiiTii, niiillijile luniijjn cystji- cpithi'liiima ami smiic ly|H's 
llidniii >\i\- nlsci siisc'L']jlil)k' to nuiium. 

!_■, CHRONIC INFECTIONS 
(«) Tuberculoaia 

III cerlaiu typos iif skin tubereiilnsis, I'iHliiiin is of value. Tiiherenlfl 
verrucosa cutis freijucntly responrls well. Destruflivt' dosos, such as i 




L 



ohtaiited liy iisiiij!: '4 strength applicaturs with a xeri^eii "f '/j,, mm. of 
lead for five or n'\x hours in spvera! iicriods «r one tii two liniirs curli, may 
he used. In hipiis viiltrtins. radium is only nf liniitcd use, being, in the 
writer's judgment, dislinetly mferior to the Kinsen light. In iwiiig radium, 
the best plan tif procedure i!onsiNt-s in nairig Vj or '^ strength gluKcd appli- 
eutors with n !,„ mm, lead sereen. A total exiKwnre of nix to twelve hours 
be given in divided dnses. Only small li'sions hhonid ordinarily l>e 
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Ireated. Large liipiis palolips may i'Vpti sjirfuil iit Hie liortiir and befom 
worse under radium treatment if iiiaiiffifient doses or unskillful technie 
are used. It is the general experience that radium lias practically no 
aeleeti\'e action on iupiia tissue. In lupus vulgaris of the mucous mem- 
branes, radium often has a very hcneficial effect. Dnsi^s of less intensity 
than those used for the skin should he cmplnyerl. 

(b) Blastomycosis 
In 1913, the writer reported the results of the radium treatment of blas- 
tomycosis of the eyelid. Sineo that lime, several other cases of blastomy- 
cosis of the skill hiivr liceti (refited siic-.^ssfuily. Radiation similar tn that 




used for tuberculosis, but of leas intensity is efBi'icnt. Dogruis, Wiekliam 
and others have found local radium treatment of value in Hiding resolu- 
tion of syphilitic skin eruptions. The technie is similar tn that described 
above as suitable in tuberculosis. 

Radium has been used successfully by Kahler, Gultriian ; 
in rhinoseleroma and by Ileyerdahl in aeliiiomyco.sis. 

I). INFLAMMATORY AND GRANULOMATOUS INFILTRATIONS ( 
UNCERTAIN NATURE 

In this group of dermatoses, radium is of I'onsiderable value, 
psoriasis, lichen planus, liehen ehronicus simplex, chronic ecsoma i 
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lupus erytlieniatftsiiN, rjHlhiiii fi-cntnieiit offei-s, in selected cases, a great 
anioHiit of relief. 

In psoriasis of the nails, radium is partieularly useful. In obstinate 
patches (if psoriasis that di> not yield fo nrdinary measures radium may 
be used siiceessfidly. It mnst be rememlierod, however, that neither 
radium nor any other measure prevents recurrence of the patches. With 




Yi strength applicators, screened with V,„ mm. of lead, an exposure of 
line or two hours and often less, in several periods, is usually sufficient 
to eaiisc involution. Iiillammatory reaction slioultl bo avoided. 

In lichen planus conrined to small areas radium often relieves the 
itching and hastens involution. In lichen planus of the mucous mem- 
branes, radiujii is especially valuable. The teclinie of treatment is the 
same as that su^igestcil for psoriasis. Xol more than Y^ of the dose em- 
ployed on the skin should lie used on lesions of the mucous membranes. 
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In liiilipti clironiciis Kimplex, radium often gives the must striking 
relief, the itehing fre(|iiently disappeariiig very promptly. Short appli- 
cations of Yi to Yi strength glazed ajiplit-ators, unscreened, are advisable. 
Two or three exposures, euch lasting three minutes, and repeated at 
intervals of a week, are efficient. Inflammatory reat-fioii should be 
avoided. 

Certain eases of chroiiie ecueina may yield to similar treatment. 

The writer liiis treated more than 50 cases nf !upn>i erythemato.siis 




with radium. In this curious and puzzling disease, radium is one of 
ioor most valuable agents. Considerable judgment is necessary in treat- 
ing this disorder, aud caution should be practiced until the degree of 
irritability of the individual ease is made evident. Most cases require 
a moderate reaction to produce evolution. Treatment may be car- 
ried out by employing ',4 strength glazed applicators, screened with 
mm. of lead. One-half hour exposures may he given on successive 
alternate days nnlil four or five treatments have been given. The 
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effect is noted and tlie treatment is repeated as soon as the reaction, wliich 
may last for from two to four weeks, has subsided. Care must be taken 
that the ed<re of the applicator overlaps for at least five to ten millimeters, 
the visible edge of the disease. This treatment is usually adapted only to 
the eases of ^'fixed type/' Freedom from the disease for several years 
may be experienced in certain cases. In other cases, a relapse may occur 
in a few months, or even sooner. In some cases of lupus erythematosus, 
little benefit is derived from the treatment. In leukemia cutis, radium 
is of value and may cause resolution of the involved areas. 

E. HYPERTROPHIES 

In many of the disorders classed as hypertrophies, radium is of con- 
siderable value. In clavus, callositas, and the various keratoses, such as 
keratosis senilis, x-ray keratosis, angiokeratoma, etc., radium is of value. 
The general method of treatment of these disorders consi.sts in the use 
of y^ strength apparatus, unscreened, for one-half to two hours, or 
screened with |io nim. of lead for three to four hours. 

Warts and Papillomata 

Although often regarded as trivial, the subungual and periungual wart, 
and the palmai' and plantar wart deserve special mention because they 
are peculiarly resistant to the ordinary dermatologic measures. The 
plantar wart may cause great distress and pain on walking. As a rule, 
all these growths yield easily to radium treatment. One-fourth strength 
glazed apparatus unscreened applied carefully for from one-half to 
two hours is usually sufficient to cause involution. A still better method 
in some cases, because the reaction produced is negligible, consists in 
using the same apparatus, screened with |^o ^^i^- of lead, for four hours 
in periods of one hour each. In certain rare disorders, such as acantho.sis 
nigricans and Darier's disease, radium treatment would undoubtedly 
be of value insofar as the removal of localized areas of the disorder is 
concerned. R. L. Sutton has used radium successfullv in a *'svnovial 
lesion** of tlie skin. 

F. NEUROSES OF THE SKIN 

We have already spoken of the relief obtained by the use of radium 
in certain itching dermatoses, notably lichen chronicus simplex, lichen 
planus, and eczema. There are other disorders classed as neuroses in 
wiiich the subjective symptoms are prominent, but in which little or 
nothing is seen objectively except the lesions produced by scratching. 
Localized pruritus, such as pruritus ani and pruritus vulvae, is fre- 
quently relieved by radium. In these affections, the best method of 
treatment is by means of unscreened glazed apparatus. Exposures of 
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three to five miuutes* duration repeated several times at intervals of 
a week, may be ^iven. The total amount of radiation should never be 
sufficient to produce an inflammatory reaction. In various other affec- 
tions, the analgesic action of radium has been made use of. In hyper- 
esthesia, following heri)es zoster, in neuritis and in intercostal and sci- 
atic neuralgia, Wickliam found radium of value, lie used approximately 
^ strength apparatus screened with Yiq mm. of aluminum and gave 
applications of from ten to fifty minutes. Reaction in the skin should be 
avoided in this class of cases. 

G. DISORDERS OF THE APPENDAGES OF THE SKIN 

(a) The Sebaceous and Sweat Glands 

In seh'cted cases of acne rosacea radium is of value. In rhinophyma 
very good results have been obtained by Wickham and Degrais and oth- 
ers. In tliese cases, y^ strength glazed applicators, screened with %o ^^• 
of lead, are usually employed and a slight reaction may be produced. 
A total exposure of two or three hours in several periods will usually 
be sufficient. Subsecjuent courses may be given at intervals of three to 
six weeks. Good results may follow the local treatment of acne varioli- 
formis although, of course, no influence is exerted in preventing the for- 
mati(m of new lesions. In hyperidrosis, radium is sometimes of value. 
The glazed placjues are the most convenient form of apparatus. Inflam- 
matory reaction should never be produced. 

(b) Hair and Hair Follicles 

In the extreme cases of hypertrichosis which may cause so much men- 
tal anguish as to wreck the happiness of the individual, radium may 
occasionally be employed. Sometimes, however, in order to produce per- 
manent alopecia a degree of atrophy must be produced that is undesir- 
able. Telangiectasia may also be caused. In selected cases, however, we 
have obtained xory excellent results. In hypertrichosis, the following 
technic may be used. All areas that are not to be affected must be cov- 
ered by at least 5 mm. of rubber covered lead. One hundred fiftv mc, 
screened with 2 mm. of brass, may be arranged on a wooden pad 6x8x2 
cm. At a distance of 2 cm., which is the thickness of the wooden pad, an 
exposure of thirty hours in two periods may be given. In cases in which 
temporary alopecia is desired, as in ringworm and sycosis vulgaris, ra- 
dium may be used instead of x-rays, though often inferior in convenience 
to the latter agent. Radium is perhaps safer in inexpert hands. In 
extensive ringworm of the scalp, we have used the following technic. 
Blocks of soft wood or cork (2x2x1 cm.) may be arranged to form an 
applicator having a superficial area of 100 sciuare centimeters. Radium em- 




anation lubes may be arranged on tbis applicator in lliu ralin of 1.25 nir 
per square centimeter. Screened with one millimeter of silver and at a 
distance of one eentimeler, an exposure o£ forty-five hours may he given 
in three periods of fifteen hours each. Temporary alopceia results. 



ciiaptp:r XVIII 

RADIUM IN OPHTHALMOLOGY, OTOLOGY, RHINOLOGY AND 

LARYNGOLOGY 

OPHTHALMOLOGY 

A. Malignant Tumors 

Epithelioma of the Eyelid has been referred to in the ehai)ter on 
Radium in Dermatology. 

Epithelioma of the Conjunctiva has l)een successfully treated by Wick- 
ham and Degrais and others. 

Sarcoma of the Orbit has been considered in the chapter on Radium 
in General Surgery. 

B. Vernal Conjunctivitis 

In vernal conjunctivitis radium is of considerable value. Sometimes 
the most rebellious cases arc completely relieved. Treatment should be 
carried out cautiously. A **full strength" applicator unscreened may 
be employed and a fifteen minute exposure given. In two weeks the 
exposure may be repeated, but only if inflammatory reaction has been 
slight or absent. Instead of the a])ove type of applicator radioactive 
deposit may be collected on lead foil and used in a similar manner. 
Abbe, Allport, Butler, Davidson and Lawson, Schnaudigel, Shine, Shum- 
way, and many others have reported successful results. 

C. Trachoma 

Radium is often of benefit in this intractable condition. The technic 
is similar to that suggested for vernal conjunctivitis. 

D. Cataract 

Cohen and Levin have reported upon the use of radium in twenty-four 
cases of immature cataract and claim improvement in 87.5 per cent of the 
cases. Twenty to forty milligrams of radium element were used. 
Gamma rays only were utilized. The radium was applied over the closed 
evelid at a distance of two centimeters for two hours. 

W. S. Franklin and V. C Cordes have a])parently confirmed these results. 
These authors have treated thirty-one cases of immature cataract of 
Avhich 84.3 per cent showed a change for the better ranging from an 
improvement of three to four letters on the test chart to a complete dis- 
appearance of the process. They used the following technic. At a dis- 
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tance of 1.2 cm. from the eye, 10 mg. hours were given twice a week for 
four weeks and then once weekly until the process was stationary. The 
gamma rays from about ten milligrams of radium element contained in 
a glazed plaque having an area of 50.26 square millimeters were utilized. 

OTOLOaY 

In granulomata and papillomata in the external auditory canal, radium 
is frequently of great value. I have treated a number of cases in which 
recovery has been brought about. Fifty niillicuries screened with 0.5 mm. 
of silver plus 0.5 mm. of gold may be used in the external auditory canal 
for six hours in periods of one hour each on alternate days. In "tinnitus 
aurium" radium has not been of marked benefit. Little improvement 
can be expected from the treatment of ** chronic deafness" due to mid- 
dle ear disease. I have treated in conjunction with 0. T. Freer a number 
of cases of this character without definite benefit. 

RHINOLOGY 

Carcinoma and sarcoma of the nasal passages have been considered 
under Radium in General Surgery. In chronic ethmoiditis with recur- 
ring polypoid degeneration, radium has been used with good results by 
0. T. Freer and T. Melville TTardie. A platinum tube having a wall thick- 
ness of 0.3 mm. and containing 50 mc. of radium emanation may be 
inserted into the ethmoid sinus for five hours in periods of an hour each, 

LARTNaOLOGT 

A. Malignant Growths of the Larynx 

Carcinoma and sarcoma of the larynx have been mentioned under 
Radium in General Surgery. The technic of intralaryngeal radiation is 
described below. 

B. Benign Growths of the Larynx 

1. Papilloma of the Larynx. — Abbe has reported a remarkable and suc- 
cessful case of papilloma of the vocal cord in which complete relief Avas 
obtained. The singing voice was restored and recovery has been main- 
tained for more than ten years. In this patient a preliminary tracheot- 
omy was performed and anesthesia was continued through the tracheot- 
omy opening during the radium application. One hundred milligrams 
of radium were applied, by means of a wire passed through the trache- 
otomy w^ound into the mouth, for thirty minutes. 

In a personal communication to the writer, Abbe states that other 
similar cases have since been treated and have done equally well. 
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G. B. New, of the Mayo Clinic, states that *Hhe treatment of multiple 
papilloma of the larynx in children has been improved wonderfully by 
the addition of radium. 

"The patient is suspended with the Lynch suspension apparatus, the 
papillomas are cleared out, and while thus suspended the radium is 
placed in the larynx in children with tracheotomy." 

2. Angioma of the Laiynx. — G. B. New, of the Mayo Clinic, has re- 
ported the results of the treatment of an angioma of the larynx occurring 
in a child. The growth caused *' dyspnea which would have been very 
difficult to benefit in any other way. The angioma was entirely cleared 
up by the external application of radium." 

3. Chronic Infections. Laryngeal Tuberculosis. — The results of treat- 
ment of this condition have varied. In a case of laryngeal tuberculosis 
treated in conjunction with Dr. 0. T. Freer several years ago the result 
was not favorable. In this case the radium was held in the larynx by 
means of an intralaryngeal applicator. Fifty milligrams screened with 
one millimeter of silver was applied in periods of ten to fifteen minutes 
each, a total exposure of three hours being given. In another case in which 
two small lesions were present on the right vocal cord complete resolu- 
tion was obtained by external applications. In this case, two hundred 
millicuries screened with two millimeters of lead and placed at a dis- 
tance of two centimeters were applied for thirty hours in periods of fif- 
teen hours each. 

Technic of Laryngeal Applications. — Surface Radiations over the Lar- 
ynx. — It is frequently possible to influence favorably benign and malig- 
nant tumors of the larvnx bv surface radiations alone. Benign tumors 
may be cured by surface radiations alone but malignant lesions require 
intralarj^ngeal radiations as well. At a distance of 3 cm., 250 mc. screened 
with 2 mm. of lead may be applied for twenty hours in periods of ten 
or more hours each. Four hundred mc. may be applied at a distance of 
6 cm. for thirty hours in several periods. 

Intralaryngeal Radiations. — In the technic of intralaryngeal radiations, 
a strong vise-like clamp (Fig. 162) is fastened to the forehead by a strap 
acting as a head-band. A metal forehead plate serves as a base for the 
clamp. Long stemmed applicators (Fig. 163) made of copper tubing 
ending in a holder (Fig. 164) securely grasp the screen containing the 
emanation tube which is thus placed exactly upon the desired area in 
the larynx. In making a laryngeal application the larynx is first anes- 
thetized with cocaine flake crystals made into a mud by contact with a 
slightly moist swab. The local anesthesia is then reinforced with anes- 
thesine powder insufflated into the pharynx and larynx. In order to 
introduce the emanation tube into the larynx, the applicator is seized by 
the thumb-plate (Fig. 163) and the screen is inserted into the larynx 
with the aid of the larj- ngeal mirror. Except in the case of papilloma of 
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the larynx in childieii, iioithcr direi^t laryngoscopy nor .suspension lar- 
yugoseopy is needed. When tlie screen has been introduced into the 
larynx, an assistant passes the stem of the applicator into the space be- 
tween the jaws o£ the clamp which he closes upon the applicator stem, 
thus fixing the screen in place. Usually the tube may be retained for 
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from ten to sixty minutes without retching or distress. The hollow stem 
carrying the emanation tube is attached to an eleetric suction pump 
which serves to keep the throat constantly free of saliva and secretions. 
The use of moderately large doses is of great value in the treatment of 
feeble patients. An exposure of 400 mc. hours may be given in the course 
of a Mcek or more. 

With intralaryngeal and surface radiations combined I have treated, 
in conjunction with Dr. O. T. Freer, 19 carcinomata of the larynx. Of 
these 5 were extrinsic, 14 intrinsic. Clinical recovery has occurred in 
9 of the intrinsic and in one of the extrinsic cases, and has been main- 
tained for from 2 to 12 months. One e&se recently developed a metas- 
tasis in the humerus but the larynx is clinically well. Of the remaining 
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9 patients, seven were too far advanced for more than palliation and 
two who have been under treatment for only a short time were also of the 
advanced type. In one case of multiple papillomata of the right voeal 
cord and in one ease of diffuse, hypertrophic laryngitis with great deform- 
ity accompanied by loss of voice for fifteen months, complete recovery 
occurred. In both cases the voice was restored and the larynx shows no 
trace of the pathological process, the eords appearing white and normal. 
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A rapidly growing sarcoma of the right vocal cord recently under 
treatment completely disappeared leaving the larynx nearly normal ex- 
cept for some cicatricial retraction. Relapses are to be anticipated in a 
certain percentage of the cases of malignant tumors of the larynx. 

The intralaryngeal treatment is usually reinforced by deep gamma 
radiations applied to the surface of the skin over the laryngeal region. 
The applicators and the technic of intralaryngeal radiations which we 
have just described have been devised and made of practical utility by 
Dr. Otto T. Freer. 

Hjrpertrophy of the Tonsils 

C. A. Simpson, W. A. Wells, the writer, and others have found radium 
of value in the treatment of certain cases of hypertrophied tonsils. 

Simpson has used a double strength dermatological applicator contain- 
ing 30 mg. of radium element. This was wrapped in rubber dam and 
applied unscreened for one hour. Wells has inserted radium contained in 
metal needles into the tonsil. In some cases, 100 mc, screened with 
1 mm. of silver plus 1 mm. of rubber may be applied for 1 hour to each 
tonsil. The normal tissues of the throat must be carefully protected. 

In selected cases, radium treatment may be substituted for operative 
removal of the hypertrophied tonsil. 



CHAPTER XIX 
RADIUM IN DISEASES OF THE DUCTLESS GLANDS 

A. LEUKEMIA 

Renon, Dograis and Dosbouis were among the first to use radium in 
the treatment of myelogenous leukemia. The radium was applied di- 
rectly over the spleen. After referring to twelve cases treated by other 
French workers, these authors reported five cases under their own care 
in which satisfactory remissions were obtained. Of the five cases re- 
ported, death occurred in two, two years and two months after the first 
exposure. Two cases were in good health six months after the first treat- 
ments. In the fifth case, splenectomy had been performed prior to the 
radium treatments. In spite of this, however, radium applied over the 
splenic area produced a marked decrease in the leucocytes, which fell 
from 143,000 to 21,500. This effect may be accounted for, most probably, 
by the exposure to the rays of the large volume of blood circulating in the 
cavity of the abdomen. Later, Renon, Degrais and Tournemelle reported 
a sixth case of leukemia in which radium was used with benefit. Numer- 
ous cases have been reported more recently by Giflfin, Hayward Pinch, 
Ordway, Peabody and many others, including myself, in which a favor- 
able influence has been exerted by radium. Giflfin has reported thirty 
cases and Peabodv has observed thirtv-six cases of leukemia in which 
radium treatment was used. I have treated fifteen cases. 

All of the cases just referred to were treated in the usual way, i.e., by 
the surface application of the radium over the spleen. 

The beneficial effects of the radium treatment of leukemia are quite 
uniform. 

A certain degree of improvement occurs in the general condition of 
practically all of the cases. Headache may be relieved and the "buzz- 
ing" in the ears sometimes complained of may disappear. In certain 
cases the improvement in the general condition is quite remarkable. 
Even in the bedridden, sufficient improvement in the appetite and strength 
may occur so that the usual occupation of the patient may be resumed. 
The effect on the spleen is to reduce it perceptibly in practically all cases. 
Frequently the spleen becomes almost or quite nonpalpable. The spleen 
usually shows the greatest reduction in size in about one or two months 
from the beginning of the treatment. 

The blood picture shows very definite effects of the treatment. The 
number of leucocytes usually begins to decrease in from one to three 
days after radium is applied and may progressively continue to diminish 
for several days or even weeks after the exposure. In one of Peabody 's 
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liile number is usually markedly iliminished. The relative percentage 
of small lymphocytes shows an increase after the reduction in the leuco- 
cyte count but the absolute count of the small lymphocytes is much 
dlminisheil. The relative percentage of larp;e mononuclears is usually 




In the majority of patients, there is uKually an improvement in the red 

blood count and in the percenlage nf hemoglobin. If hemorrhage, such 

as epistaxis, purpura, etc., iii present it usually ceases. While it has been 

, held by some that hemorrhage may even be caused by radium treatment, 
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I believe this to be very unlikely. In any series of cases, hemorrhaore 
may occur, but as it is a symptom that is not uncommon in the natural 
course of the disease, it is difficult to ascribe it to the effects of radium. 

Technic of Treatment. — The l)est guide to the amount of treatment is 
furnislied ordinarilv bv the condition of the white blood count. One 
should not attempt to bring the leucocytic count down to normal. Prob- 
ably a count ranging l)etween 15,000 and 30,000 will be found to accord 
with a satisfactory clinical condition. Peabody has stated that patients 
seem to do well clinically if their white count is not over 50,000. Exces- 
sive radiation mav result in actual harm. 

The technic of the application of radium is simple, and while similar 
results mav be obtained bv different methods, it is our belief that 
too large doses should be avoided. The radium may be applied to differ- 
ent areas of the spleen successively, or to the lymphatic glands, as the 
case may require. Although some advocate radiation of the long bones 
in myelogenous leukemia, tliis has not been thought advisable, nor in 
our experience nece>sary in order to produce remission. Ordway used, 
in one of his cases, an applicator of about ''double*' or ''triple'* strength 
(50 to 60 mc. concentrated on 4 square cm.). With this apparatus the 
s-.pleen was covered by radiating successively every 9 square centimeters 
of skin surface. The metal filter was 3 millimeters of lead and the distance 
(obtained by 15 to 20 thicknesses of filter paper or 25 to 30 layers of 
gauze) was apparently about 5 to 10 mm. additional. Exposures of 
four to six hours over each area were given. Three series of treatments 
were given four to six weeks apart. Oreat symptomatic improvement 
followed, although the patient died about eight months after the first 
series of treatments. Oiffin has used a technic similar to that just de- 
scribed. Fifty to one hundred milligrams of radium element were em- 
ployed. The screening finally used was two millimeters of lead plus one 
half inch of wood. The enlarged spleen was mapped out into squares 
3x3 cm., each square receiving successively two to four hours' radiation. 
The total length of time for the complete radiation of the spleen varied 
from twelve to forty-eight hours, the usual time being twenty-four to 
thirty-six hours. The exposure was repeated every week until remission 
was progressing satisfactorily. Peabody has stated that the experience 
of himself and his coworkers does not enable them as yet to state 
definitely the best dosage. There is some evidence, however, leading 
them to believe that one or more x>owerful treatments followed by an 
intermission of several weeks until the effects of the radium are over, 
are preferable to repeated small doses. My experience leads me to prefer 
this latter method. Ordinarily 200 millicuries (V/^ mc. to each square 
cm.) screened with 2 millimeters of lead and at a distance of 3 centi- 
meters may be used. An exposure of six hours twice weekly may be 
given over siu'cessive areas until the splenic area, or in lymphatic leu- 
kemia, the area over each group of lymphatic glands has been covered 
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or until a satisfactory diminution in the loueoevtes is evident. The 
course may be repeated in six weeks ])ut may l)e jyiven earlier or later as 
thouofht advisable. It must be emphasized, however, that ^reat judj^- 
ment is required in determininp: the size of the dose and the freciuency 
of its repetition. Various factors must be considered, these beinor prin- 
cipally the effect of the treatment on the j^eneral condition, on the size 
of the spleen and especially the effect on the white blood count. Radium, 
applied to the spleen in the manner indicated, may cause a constitutional 
reaction, such as nausea, vomitinjr, malaise and headache. These symp- 
toms usually pass off within twenty-four hours. An excessive amount 
of treatment may result in marked leukopenia and an increase in the 
anemia. These symptoms should be ji^uarded a«»:ainst ])y caution in re- 
peatin«: the exposures. Tf they do occur or if hemorrhapre su])ervenes, 
transfusion sliould be resorted to. Locally a skin reaction may occur, 
but with the technic advised this will be slight or absent. 

In applyinp; a radium pad to the splenic area, the outer aspect of the 
pad should be protected so that the patient's arm will not rest inad- 
vertently on the radium tubes. 

Results of Radium Treatment of Leukemia. — Complete remission or at 
least a satisfactory clinical condition may be expected in from three 
weeks to three or four months. Patients may remain apparently well 
for several months or even several years. Recurrences may take place 
but these usually yield, at least for a time, to further treatment. Surj2:i- 
eal removal of the spleen is probably advisable in selected cases when 
the remission of the disease is at its height. 

In twenty of riifTfin*s cases, eij?hteen of which were treated with radium, 
splenectomy was performed when the reduction in the size of the spleen 
rendered the operation advisable. One patient died as the result of 
operation. Ten patients were livinjr and in j;ood jreneral condition, nine to 
nineteen months after the s])lenectomy. Giffin concluded, however, that 
the natural course of the disease was probably not altered by splenectomy, 
althouofh the patients may be made more comfortable by the o])eration. 

In addition to the usual method of treat in<r leukemia by exposin^r the 
.spleen or lymphatic prlands to surface radiations, a few workers have inves- 
tigated the effects of radium when administered constitutionally. The re- 
sults of this method of treatment have varied. Von Xoorden and Falta 
did not obtain ])eneficial results from the inhalation of radium emaimtion. 
Proescher and Almquest injected S()lu])le radium salts intravenously but 
without marked benefit. Falta, I\riser and Zehner obtained remissions in 
leukemia by the injection of thorium X, the action of which is similar 
to that of radium. Radioactive dej)Osit dissolved in water has also been 
injected by a few workers. For the present, however, the method of 
treatment of leukemia by exposure of the spleen or lymphatic ^rlands to 
surface radiations is to be pr(»ferred. Radium treatment is pi'obably the 
method of choice, in the treatment of leukemia at the present time. It 
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sometimes succeeds in producing remission when all other methods, in- 
cluding the use of benzol and x-rays, have failed. 

B. HODGKIN'S DISEASE (LTMPHADENOMA) 

The affected glands in Hodgkin's disease frequently disappear very 
promptly. In only one of eleven cases treated have we seen rebellious- 
ness to the treatment. In two cases of that form of the disease, in which 
nodular tumors appear on the bones (sternum, skull bones, etc.) very 
marked susceptibility to the radium rays was noted. In several cases 
Ave have seen remissions w^hich have persisted for more than one year. 
It is probable, however, that recurrence takes place sooner or later in 
most cases. The treatment is ordinarily given by means of deep radia- 
tions. The enlarged glands may be treated serially in order to spare 
the patient as much as possible the systemic reaction (nausea, malaise) 
which frequently follows heavy doses. 

Four hundred millicuries screened with 2 millimeters of lead may be used 
at a distance of 6 centimeters for a total of 30 hours in periods of ten or 
more hours each over each area. The concentration of the radium may 
be 5 mc. per square centimeter. Treatment may be given twice weekly 
or less often until the areas involved have been radiated. Occasionallv 
less powerful treatments may be given for three or four days in succes- 
sion if the systemic disturbance is slight. 

C. GOITER 

In the various types of goiter, radium treatment may be helpful. 

In the simple parenchymatous type there is general enlargement of 
the thyroid gland and the follicles, which are usually ne^vly formed, 
contain colloid material. The results of radium treatment in this type 
may be very beneficial. 

The vascular type of enlarged thyroid may also respond well. In 
favorable cases the neck may decrease in size several centimeters. 

In the type of goiter in which large cysts occur, the walls of the cysts 
frequently undergoing calcification, but little benefit is to be expected 
from radium treatment. 

Exophthalmic Goiter 

Abbe, of XcAv York, treated the first case of this disease with radium 
in 1905. Following Abbe's report many other authors, including Aikens. 
Burrows, Tlagett, and Dawson Turner have reported favorably upon the 
results of radium treatment. Radium may be used when the ordinary 
methods of treatment prove unavailing or Avhen operation is considered 
inadvisable. In cases that respond favorarbly, improvement in all the 
toxic symptoms may be noted in three to six weeks and in some cases, 
very much more (piickly. Tachycardia, tremor and exophthalmos are 
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frequently diminislied. The hiprli blood pressure which is so frequently 
present is often diminished and after several courses of treatment may 
become practically normal. In some cases o])erati()n may be performed 
if thou«j;ht advisable after a certain degree of improvement has been 
brought about by radium. Tt has been held that operation is rendered 
more difficult by previous radiation. Tt must be remembered that strik- 
ing remissions may occur in the natural course of the disease so that it 
is sometimes difficult to judge of the effects of treatment. 

Technic of the Treatment of Goiter. — The method of treatment involves 
the use of moderately deep penetrating rays. Aikens, who has observed 
about one hundred cases, advises in the beginning of treatment a total 
exposure of from 150 to 360 milligram hours. Subsequent courses of 
50 to 150 milligram hours may be given. Many other authors use larger 
doses than those just indicated. I ordinarily use not less than 150 milli- 
curies, screened with 2 millimeters of brass and placed at a distance of 
3 centimeters. Five millicuries may be concentrated on each square 
centimeter. A total exposure of twenty hours on each of three areas 
is given. In certain cases of large goiters we use 500 millicuries con- 
centrated on an applicator having a superficial area of fifty square centi- 
meters. This is screened with 2 millimeters of brass and applied at a dis- 
tance of 6 centimeters. An exposure of fifteen hours may be given to each 
lobe and to the isthmus of the thyroid. The three exposures should be 
given several days apart. Depending upon the severity of the disease, 
the dose may be diminished or increased in different instances. In some 
cases, following the treatment there is an exaggeration of the symptoms 
for several days or even for a week or more. Improvement then usually 
sets in and by the end of a month or six weeks may be very decided. 
The course of treatment may be repeated at intervals of six or eight 
weeks. Subsetiuciit courses of treatment may be of less intensity. The 
amount of treatment may be regulated by the basal metabolism test. 

In addition to the radium treatment, supplementary measures includ- 
ing rest, diet and suitable drugs should be used. 

D. ENLARGED THYMUS GLAND 

Brayton and Heublein have treated wath radium 34 cases of enlarged 
thymus gland in children. In every instance there followed a prompt 
and lasting disappearance of all symptoms. These authors state that 
** every infant Avho has Sjueer spells' who has habitual attacks of cough- 
ing, choking, dyspnea, or cyanosis should have an x-ray examination of 
its chest in the hope of finding a condition (pathologicall}- enlarged 
thymus) which is so easily and satisfactorily cured.'* Their technic 
consisted in using 100 miligrams of radium element screened with 0.5 
mm. of silver. The radium was api)lied at a distance of one half inch 
from the skin to four different points over the thymic area and allowed 
to remain for two hours over each point. 



CHAPTER XX 

KADIUM IX IXTERXAL MEDICINE 

Kadiiim nnd tlioriinn X miv the two principal radioactive substances 
used ill ijilenial medicine. The biolo^ric action of these two substances 
is siniihu* but not abs()lutelv identical, l^roescher .states that while all 
radioactive substances ])roduce a more or less nuirked numerical increase 
of the red blood cells, thorium X is the only one eausin«j pronounced 
destruction of the leuc()cytes. The more rapid decay of thorium X as 
compared with radium expUiins its more intense biologfie effect. The 
investijrations of the effects of thorium X have enabled us to fill up 
some of the jraps in our knowledjjre of the effects of radium. In the fol- 
lowing: i)ages its action will be considered in connection with that of 
radium. 

We nuiy discuss the internal administration of radium under the fol- 
lowing headiufrs: (a) the administration and elimination of radium, 
(b) its physiolo«»ic effects, (c) morpholo<i:ic chan«:es in the tissues caused 
by radium, (d) therapeutic indications. 

A. THE ADMINISTRATION AND ELIMINATION OP RADIUM 

(1) The Administration of Radium 

Radium mav be administered either in the form of radium salts, 
radium emanation or the active deposit. The effects of both the salts 
and the enumation a])pear to be practically identical except that the 
action of the emanation is naturally more evanescent and therefore per- 
haps more desirable on account of the rapid elimination from the body 
of a jj^aseous element. Less experience has been had Avith the actual 
administration of the active deposit but it seems probable that the effects 
are the same as those of the salts and the emanation. 

Administration of Radium Salts 

Radium salts are usually administered by ^ivin^, by mouth, water eon- 
tainiuff the salt in solution or by the injection of a solution of the salt 
intravenously. The drinkinj? water is usually of a strenfjth of one 
microgram of radium element to .30 c.c. of distilled Avater. The ordinary 
dose is 120 to 240 c.c. per day. For injecting intravenously, 10 to 100 
micro<rrams of radium element in the form of a soluble salt dissolved 
in 2 e.c. of nornud salt solution may be used. Injections are usually 
given every week or ten days until the patient has received 300 micro- 
grams. 

310 
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Administration of Radium Emanation 

Radium enianatioii may ho administered by means of drinkinjr water 
in wliich tlie emanation is dissolved, by inhalation, or by baths. Radium 
emanation in solution may be «j:iven by mouth. The strennfth of ** emana- 
tion drinkinj^ water" is usually 1.5 to 2 millieuries per liter of water. 
About 250 e.e. is the usual daily dose. If the inhalation method is used 
the patient may sit in a small room known as an **inhalatorium," the 
air of which is imi)re<i:nated with the emaiuition mixed with oxygen. 
The air whieh is breathed is purified by bein*? passed over caustie soda 
and is then returned into the room. This is objectionable on account of 
the respiratory products which are continually bein^ reinhaled. By 
another method, the patient inhales a stream of air or oxygen mixed Avith 
the emanation and (»xhales it into the open air by a valve arrangfement. 
This is a better thoujjh more wasteful method. The (pumtity of emanation 
in the air inhaled varies from 0.008 to 0.3 microcurie per liter of air. 
Inhalation treatments may last an hour or more. The results of treat- 
ment by the inhalation method seem to differ in no wise from those 
obtained by the administration by mouth of emanation drinking water 
and the latter is certainly the more convenient and economical method, 
riudzent, Falta ami some others, however, make considerable use of the 
inhalation method. Emanation baths may also be jriven, but the good 
effects claimed seem to be due solely to the emanation that is inhaled. 

Administration of Radioactive Deposit 

II. J. Ba<r^ has investigated the pathologic tissue changes accompany- 
ing the injection of the active deposit. White rats were injected intra- 
venously and subcutaneously. Pathologic changes in the various or- 
gans — liver, lungs, kidneys, adrenals, spleen, bone marrow, brain and 
vascular system — were noted and described in detail. Among the effects 
Avere fatty degeneration in the liver, granular degeneration and erosion 
of the kidney cells, destruction of the cells of the bone marrow and their 
rei)lacement by blood, and congestion and hemorrhages in practically 
all of the organs. A similarity was noted in the tissue reaction due to 
radium applied externally and that due to the active deposit when in- 
jected subcutaneously or intravenously. Doses of less than ten milli- 
euries of radium emanation were not fatal to the experimental animals. 
Larger doses caused death w-ithin a few hours or days. The doses used 
in human beings have varied from fiftv to tw^o hundred and fiftv milli- 
curies of active deposit dissolved in two to six c.c. of solution. In one 
case severe toxic symptoms developed after the injection of 250 mc. 
Similar doses in other j)atients produced no ill effects. 

(2) The Elimination of Radium 

From our knowledge of its chemical affinities it would be expected that 
radium, when held in the body, would be found wherever the other 
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alkali earth elements are found, inasmuch as radium is an element closely 
akin to calcium, barium and strontium. According to Seil, Viol and 
Gordon, analysis of the dead tissues of animals and humans who have 
had radium administered has shown that the bones, as might be expected, 
do contain the highest concentration of radium. Following the bones, 
in the order of radium content, come the liver, lungs, blood vessels and 
spleen. Cameron, Viol and Proescher examined dead tissue from a human 
being who had suffered from uterine cancer. The patient had received 
1 mg. of radium element intravenously 3 months prior to her death. 
These authors found that the cancerous tissue did not contain a greater 
relative amount of radium than other tissues and not as much as the 
bones and some other organs. 

The method of the elimination of radium has l)een studied by Belling- 
ham-Smith, Brill and Zehner, Seil, Viol and Gordon, and many others 
with general agreement as to the main trend of the observations. 
Bellingham-Smith found that radium injected into mice was excreted 
principally by the small and large intestines and to a lesser extent by 
the urine. According to this author, soluble salts, however adminis- 
tered, are rapidly eliminated, mainly by the intestine, but also by the 
urine. Insoluble salts, given by the mouth, are directly excreted by the 
bowel without being absorbed, but when given by injection are excreted 
verv slowlv by the bowel. After administration of the emanation in 
solution, a general but brief radioactivity is caused throughout the or- 
ganism. Elimination, which takes place almost entirely by the lungs, and 
to a very slight extent by the kidneys, is complete in 4 hours. Ketron 
found that only a very minute quantity (0.025 micrograms) was elimi- 
nated by the skin after the intravenous injection of 100 micrograms. 
Seil, Viol and Gordon have made one of the most extensive studies of the 
excretion of soluble radium salts when administered both intravenously 
and by the mouth. The following conclusions were reached by these 
authors: The principal part of the radium is excreted by the feces with 
either method of administration. Most of the remainder is eliminated 
by the urine. A minute amoimt is eliminated by the lungs in the form 
of radium emanation Avhich is being constantly formed by the disintegra- 
tion of the radium held in the body. As might be anticipated, when 
radium is administered l)y the mouth a smaller proportion of the ex- 
creted radium is eliminated by the urine than when it is injected intra- 
venously. From 25 to 35 per cent of the radium taken by mouth remains in 
the body for 4 or 5 days after ingestion. If radium is injected intravenously, 
55 to 65 per cent remains for the same length of time. From this time 
on, the rate of elimination is about the same whether ingested or injected. 
By the 10th day the daily rate of excretion is less than 1 per cent. As 
a result, there is an exceedingly slow elimination of the balance of the 
radium, the process going on for months. The first rapid elimination 
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takes place before the radium has l)eeome "fixed*' in tlie tissues. When 
"fixation'' of the radium has taken place all methods of elimination are 
much slower. By fixation is meant that the radium that is not eliminated 
at once is probably carried in the blood stream in solution or suspension 
until it becomes absorlxnl by the various tissues in proportion both to 
their alkaline earth salt content and to their accessibility by the blood. 
On the basis of the fore^oinji: studies, these authors sunfgest a rational 
method of maintaining? radium in the system. If, for example, it is 
desired to maintain about 50 microja:rams of radium element in the body, 
one may ^ixe an intravenous injection of about 100 microjrrams. After 
the lapse of about ten days, 2 mici'o^rams may be j^iven every few days 
by mouth to replace that which is eliminated. 

B. PHYSIOLOGIC EFFECTS OF RADIUM 

Experiments on different animals as well as on human beinj^s to deter- 
mine the effects of radium have been carried out by Bellingham-Smith, 
Cameron and Viol, Dominici mid Faure-Beaulieu, Oudzent, Jaboin, 
Proescher, Salant and Meyer, Wickham and Dejrrais and many others. 

We may first consider the eflTects of therapeutic doses. These effects may 
be discussed under the followinj? headings. (1) the general physiologic 
effects, (2) the effects on the heart, circulation and respiration, (3) the 
effects on metabolism. 

( 1 ) General Physiologic Effects 

One of the chief subjective benefits derived by many patients taking 
radium in therapeutic doses is a feeling of **bien etre.*' Whether this 
is entirely subjective, it is, of course, difficult to say. In arthritic 
cases especially, a certain amount of relief from pain may be experienced. 
The majority of patients taking radium emanation solution have a 
definite diuresis and a slight laxative effect is sometimes observed. Some 
patients experience a definite so-called ** reaction.'' S. Lowenthal first 
called attention to this ])henomenon. The reaction is characterized by 
an aggravation of symptoms, after a certain amount of treatment has 
been given. There may be, e.g., an exacerbation of any joint symptoms 
that have been present. General disturbances, including "tired feel- 
ings,'* '* malaise,*' and a desire for sleep, may occur. In other patients 
there may be excitement and sleeplessness. These symptoms pass off 
after a time if the treatment is discontinued. According to (Judzent, 
these phenomena are frequently of favorable prognostic import. 

(2) Effects on the Heart and Circulation 

The effects of a radioactive Binger's solution on the isolated frog's 
heart have been studied by Maass who found that the heart became di- 
lated and its action arrested. By rinsing out the heart with normal 
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lliu«:er's solution, its iionnal activity returned. The heart showed less 
activity with each cxi)erinient, indicating according to this investigator, a 
lowered resistance. In mammals, however, Plesch and Karczag could not 
dupli(»ate these results. Zwaardemaker has described a new and hithei*to 
unknow-n eftect of the radiations on the heart. This author found that 
a frog's heart kept actively beating by artificial circulation ceased to 
pulsate if the potassium was extracted from the circulating medium. 
If the heart was then radiated with a few milligrams of radium for thirty 
minutes it again began to beat. If a certain quantity of uranium salt 
was added, the heart again stopped. Renewed radiation again started 
the action of the heart. 

While these experiments are extremely interesting from a scientific 
standpoint, no therapeutic deductions have as yet been drawn from them. 

Certain of the experiments on blood pressure have a practical aspect. 
In various experiments on dogs and human beings carried out by Loewy, 
Plesch and Oudzent with inhalations of radium emanation and injections 
of thorium X, the blood pressure in general was markedly decreased. 
According to Oudzent, the decrease in blood pressure, which may be 
lowered for long periods and may even become and remain normal in 
certain gouty and arthritic patients, is due to the destructive effect on 
the vasoconstrictor substances produced by the suprarenal glands. 

Respiration. — In animals and in healthy human beings, no especial 
effect on the respiration from therapeutic doses can be observed. In 
cardiac dyspnea and in pneumonia, Ph'sch has reported an acceleration 
and increase of respiration. 

(3) Effects on Metabolism 

The influence of the administration of radium on metabolism has been 
studied by Falta, Oudzent, Krieg, Tjowenthal, Plesch, Rosenbloom, 
Wilke, and many others. The investigations tend to show that the excre- 
tion of uric acid and of purin is increased. The entire nitrogen excretion 
is also increased. Following an injection of one hundred micrograms of 
radium eUMuent intravenouslv, Kosenbloom found that there w^as a eon- 
siderable increase in the ethereal sulphur output. In three patients 
whose metabolism while taking radium emanation water (3 ounces, five 
times a day or 20,000 Mache units in all) Avas studied by McCrudden, 
no marked metabolic changes were made out. Only one definite change 
was observed — a slight increase in the rate of creatinin excretion. The 
results of the studies of various authoi's have shown, in general, marked 
differences in the effect on metabolism and in some patients little or no 
effect has been observed. We may also mention here the investigations 
of Knudson and Erdos who studied the metabolism of a case of leukemia 
that Avas being treated by surface applications of radium over the spleen. 
The conclusions of these authors were as follows: The excretion of 
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nitroji^en, urea, aminoiiia and i)h()s|)lialt»s was ononiioiisly increased after 
llie ai)plication of ladium. Tlie urie aeid output was only slijifhtly in- 
creased compared to the other nitro<renous bodies. FSurface api)licati()ns 
of radium over the spleen accelerated the disintetrration of nuclein tis- 
sues resultin<r in the increases mentioned above. An increased production 
of uric acid that was anticipated on account of the disintejrnition of 
nuclehi Avas not observed. The efl'ect on tlie i)hosphates was remarkable, 
there bein<]^ at times an increase of four hundred i)er cent over the 
excretion observed at the be^inin'njr of treatment. 

We mav now consider the etTects of to.ric doses of radium. The follow- 
ino: description of the elTects of a lethal dose has been »riven by Oudzent : 
If an animal, e.«r., a rat, receives an injection of a soluble radium salt 
of sufficient strength, no chan<»:es are at first apparent which indicate 
injury to the orj^anism. The animal eats, sleeps, moves about, and passes 
urine and stools in a normal manner. In a few days, however, the picture 
chancres. The animal appears to be ill, refuses food, and sits about in 
a *' crumpled up'' position. Its respiration increases, fever is present, 
and it passes bloody stools and urine. The aninud then ji^rows weaker 
and weaker and usuallv dies in convulsions. As to the exact cause of 
death it has been held that it may be due to the ciTect of the radium as a 
toxic substance. 

Experiments with barium, an analojJ!:ous chemical element, do not bear 
out this view. To cause death with barium one must use a dose several 
hundred times jrreater than the lethal dose of radium. The toxic symp- 
toms are also dissimilar. The death of the animal, therefore, after a 
sufficient dose of radium internally, appears to be due solely to the effect 
of the radiations. Uudzent has estimated the lethal dose of radium when 
injected in the form of a soluble salt to be about .007 mjr. of radium 
element per kilo^^ram of body wei*rht. For a body of 70 kilograms the 
fatal dose would thus be about 0.5 mg. According to the exi)erinuMits 
of Cameron, Viol and Proescher, this estinuite is low. These authors 
have carried out an extensive series of experiments with injections of 
soluble radium salts. Thev state that thev have used doses as hisrh as 
five milligrams of radium element in 2 c.c. of normal salt solution intra- 
venously in human beings and have never seen from these doses the 
slightest ill effects. They regard doses of fifty to one hundred micro- 
grams intravenously as therapeutically correct and absolutely safe. By 
the inhalation method, Proescher and Viol found that a concentration 
of 2() millicuries of enuination per liter of air (70 million ]\Iache units) 
produced death in animals. Lazarus-Barlow exposed aninuils to the 
gamma rays of five grams of radium brcunide. The minimum lethal dose 
of gamma rays for the rat was an exposure of six hours, the animal 
dying ab(nit forty-two hours later. For the rabbit an exposure of nine 
to ten hours was necessarv. 
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C. MORPHOLOGIC CHANGES IN THE TISSUES CAUSED BT 

RADIUM 

Tnasmueh as tlio effects of radium taken internally are due to the 
action of tlie rays, one would expect that similar changes would be pro- 
duced in the tissues whether the radium is administered internally or 
radiations are used externally. p]xperimental investigations have proved, 
in a general w^ay, the truth of this supposition. There is, of course, this 
very evident difference: in the case of the internal administration of 
radium, the wiiole organism, and especially its most radiosensitive struc- 
tures, is affected by the rays, but if radiations are used externally, the 
effect is practically limited to the part irradiated. By radiation of 
animals in ioio, however, effects may be produced that are practically 
identical with those caused bv the administration of radium. 

We may now consider the changes produced in different tissues. 

The Blood Vessels 

Lethal injections into animals of thorium X produce an intense 
hyperemia of almost all the organs. Hemorrhages frequently occur; 
sometimes a single vessel is affected but at other times the hemorrhage 
may extend over large areas. The capillaries and smaller vessels show 
the most marked injuries. 

The Blood. Leucocytes 

If small doses of radium salts (Muoo ™g-) ^i* thorium X (Mooo ^o 
Vioo mg.) are injected intravenously or if inhalations of radium emana- 
tion (5 to 100 or more Mache units) are given, a transient leueocytosis 
appears a few hours later. The number of leucocytes may even increase 
to 20,000 (Gudzent and Levy). The next day, after a slight decrease 
to below the initial amount, the leucocvtes become normal. If larger 
doses of thorium X (0.5 mg.) are injected, leueocytosis develops quickly. 
A leucopenia appears later. The leucocytes may decrease to 1000 or 
even lower according to the dose. If very large doses are administered 
the leucocytes may even disappear from the blood altogether just prior 
to the death of the animal. 

According to Proescher and Almquest, thorium X has a more destruc- 
tive effect on the leucocytes than radium. With superfatal doses of 
radium these authors were unable to destroy all the circulating leu- 
cocytes or myeloid cells of the bone marrow. 

Erythrocjrtes 

In contradistinction to the leucocytes, the red blood cells are not 
markedly sensitive to injections of radioactive substances. After small 
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doses, no change at all, as a rule, is seen. Sometimes, however, there 
may be an increase in number of erythrocytes as observed by Dominici 
in the horse and Brill and Zehner in dogs and rabbits. The last 2 
authors found that the erythrocytes were increased in some cases to 13 
million per c.c. This increase may be maintained for weeks. The hemo- 
globin was also increased but not proportionally to the increase in the 
number of erythrocytes. Proescher and Almquest have reported similar 
results. By the injection of larger doses of thorium X, the red blood 
cells may be damaged so that both a numerical decrease and a decrease in 
hemoglobin may occur. 

In pathologic conditions, such as secondary and pernicious anemia, 
the erythrocytes appear to be more sensitive than in normal individuals. 
Proescher found that in such cases the injection of soluble radium salts 
(0.1 to 0.4 mg.) increased the red blood cells to normal in a few days. 
Gudzent has reported the same effect from the injection of small doses of 
thorium X (0.01 to 0.1 mg.). 

Spleen, Bone Marrow and Lymphatic Glands 

Gudzent states that the key to the understanding of the changes in 
the blood picture lies in the knowledge of the changes in the organs 
mentioned above which are, as we have seen, very radiosensitive. The 
changes produced by radium administered internally are practically 
identical with those caused by external radiations. These changes have 
already been described in a previous chapter. 

Suprarenal Glands 

Palta and his coworkers and later von Domarus and Salle called at- 
tention to the changes produced in the suprarenal gland and its func- 
tions. Injections of thorium X produced, in general, degenerative 
changes together with hemorrhages in the cells of these organs. The 
blood pressure of the animals was reduced in consequence of the dis- 
appearance of the substances causing vasomotor constriction. The effects 
on blood pressure depended on the dose but both small apd large doses, 
after an initial increase, caused a decrease. In certain cases, the blood 
pressure rose again but did not attain to the point initially present. 

Other Organs 

The effects of injections of radioactive sul)stances on other organs — 
heart, kidney, pancreas, etc. — are much less i)ronoun<*ed than on the 
previously mentioned structures. Traces of injury to the cells of certain 
areas may be detected but these changes are n(»ver of a g(»n(»ral nature. 
Functional disturbances probably occur l)ut these have not ])cen as yet 
sufficiently investigated. 
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Effects of Large and Frequently Repeated Injections 

A problem of importaiu'c is tliat of the possible constitutional effects 
of larjL^e and fre(iiicntly rci)eated injections. The experiments of Silva 
Mello tend to throw some li<»ht on this ([uestion. This author found that 
the injection of a sinjrle dose of thorium X, if not immediately fatal, 
mijifht so injure an animal as to cause its death in the course of a few 
Aveeks or months. The most obvious effects that were observed in the 
meantime were (1) leucopenia, (2) anemia (decrease in erythrocytes and 
hemoji^lobin), (o) nuirked decrease in weight. Evidences of reorenerative 
processes wcr(» observed also in the bone nuuTOW. If such an animal re- 
ceived a second injection, which was not lar^e enough to cause death by 
itself primarily, the animal (juiekly succumbed. The blood, spleen, bone 
marrow and lym])hatic glands showed evidences of the greatest damage. 
It may be assumed that the aninuil was sensitized by the first dose. 

E(iually intci'csting were the results of repeated injections of tho- 
rium X into animals in doses that were not large enough singly to cause 
percei)tible severe injury. In these animals a certain degree of resist- 
ance apparently developed. Considerable quantities could be borne 
without any of the ])rcvious symptoms (leucopenia, anemia, loss of 
weight) devcl()i)ing, until, after a time, the animals rather quickly suc- 
cumbed. In these animals the si)leen was the only organ showing marked 
effects. The boiu^ nuirrow was nearly always unaffected. 

Inasmuch as it may be assumed that the effects of repeated injections 
do not differ materially from those of repeated external radiations which 
are delivered over very extensive areas, these experiments show the need 
of caution in the use of ])owerful and repeated exposures for therapeutic 
I)urposes. They also suggest the need of care on the part of the operator 
who is handling large quantities of radium in order that he may avoid 
injury to himself from the persistent exposure to the rays. 

1). THERAPEUTIC INDICATIONS 

The fullest details as to the use of radium and other radioactive sub- 
stances iji internal mediciiic are to be found in the recently published 
monogra|)h of Falta. 

Among the many diseases in which radium has been used w-ith alleged 
benefit are the following: 

1. Arthritis deformans, articular rheumatism (subacute and chronic) 
and various other types of arthritis. 

2. nout. 

3. ^Myalgia ('* muscular rheumatisin'*), neuralgia and neuritis (.sciatica, 
labetic paiiis, etc.). 

4. '^lligh blood ])ressure,'' arteriosclerosis, angioneurotic edema, neu- 
roses of the heart, mvocarditis. 
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5. Certain chronic inflammatory and suppurative processes. 

6. Bright 's disease and diabetes. 

7. Leukemia, Hodgkin's disease, and various forms of anemia (per- 
nicious anemia, chlorosis, etc.). 

8. Dermatoses (psoriasis, scleroderma). 

9. Malignant disease. 

1. Arthritis Deformans. — Tt has long been the custom for sufferers 
from chronic joint diseases to visit springs in different parts of the world 
and drink the waters. With the discovery that most of these springs 
contained radium emanation in solution it became of great interest to 
determine the effect of radioactive substances artificially prepared. It 
may be noted that none of the springs at the various health resorts con- 
tains more than the most minute quantity of radium emanation (about 
1 to 30 millicuries per million quarts). Tt would seem, therefore, that 
radioactive substances in doses sufficient to produce definite physiologic 
effects might be of even greater benefit. Hay ward Pinch (London Ra- 
dium Institute) has reported very favorable results from the administra- 
tion of radium emanation water especially in arthritis deformans. In 
this author's experience pain Avas relieved and the mobility of the joints 
was increased provided no bony or cartilaginous changes had occurred. 
In some cases the results were quite remarkable. Cameron and many 
others have also seen favorable results in various types of arthritis. 
Gudzent, who has made one of the most extensive reports, states that 
many different types of arthritis, including certain cases of gonorrheal 
origin, are benefited. The arthritides in children, according to the same 
author, react favorably in contradistinction to those in the aged which 
do not respond well. In the treatment of arthritis, in general, benefit 
appears in the favorable cases usually between the 3rd and 8th w^eek. 
Some cases do well when the treatment is interrupted for a few weeks 
and is begun again. Unfavorable symptoms, such as a permanent aggra- 
vation of the joint disorder or albuminuria, which have been alleged by 
some authors to have been caused by the radium have never been ob- 
served by Gudzent. 

2. Gout. — Falta, Gudzent and others have reported favorable results 
in the treatment of gout. The last named author states that of 86 cases 
who had exensive treatment (emanatorium inhalations, *' drink cure''), 
77 per cent to 89 per cent were improved and 9 per cent to 11 per cent 
unimproved. In the course of time, however, most of the patients ex- 
perienced recurrences. In a few patients no return of the disorder had 
taken place when the report was made. 

3. Myalgia. — ^Benefit has been reported in some cases of the above 
disorders, the pain particularly being relieved according to many in- 
dividual reports (Falta, Gudzent, Sonuner, Kemen, Strasburger, etc.). 
Gudzent has never seen benefit, however, in neuralgia of the trigeminus. 
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4. High Blood Pressure. — Tlie reduction of high blood pressure has 
been observed by many authors. Gudzent states that in some cases the 
blood pressure may be permanently reduced. Other authors, however, 
doubt the permanency of any reduction that may occur. Ilayward 
Pinch has seen good effects from the use of radium emanation drinking 
water in angioneurotic edema. In arteriosclerosis, neuroses of the heart 
and myocarditis, benefit has l)een reported by some authors. In the last 
named diseases, the field for possible error in the interpretation of results 
is, of course, very great. 

5. Chronic Inflajnmatory Processes. — Lachmann states that he has seen 
good effects from the administration of radium in inflammatory disorders 
of the female pelvic organs. Several authors (Levy, etc.) have reported 
favorable results in the treatment of various disorders of the mouth, 
such as leukoplakia, pyorrhea, etc. 

6. Bright's Disease and Diabetes. — Benefit has been reported by cer- 
tain authors in these disorders. 

7. Pernicious Anemia. — Proescher recommends, on the basis of some 
excellent experimental studies, the intravenous injection of soluble ra- 
dium salts in pernicious anemia, and other forms of anemia. Gudzent 
also has seen good results from the injection of thorium X in pernicious 
anemia, chlorosis, and secondary anemia. The favorable results in per- 
nicious anemia, are of course only temporary. According to Failla good 
results have been obtained by the injection of the active deposit in leu- 
kemia and Hodgkin*s disease. Tlie use of external radiations over the 
spleen is so satisfactory that there seems to be a small field, at present, 
for the use of radium internally in these disorders. The improvement in 
leukemia by any method of treatment is temporary although remissions 
may extend over considerable periods of time. 

8. Dermatoses. — Individual reports of good effects in psoriasis and 
scleroderma have been made. 

9. Malignant Disease. — Oood effects have been reported by some 
authors from the administration of radium in various forms of malignant 
disease. Failla has reported good results from the injection of the active 
deposit in lymphosarcoma. It seems to the writer that for the present 
at least we must rely in malignant disease solely upon the effects of local 
radiations with radium rather than upon its constitutional effects when 
ingested or injected into the body. The radiosensitiveness of certain 
normal structures, such as the spleen, renders it unlikely that the internal 
administration of radium Avill ever be of practical utility in the treatment 
of most types of malignant disease. Long before the tumor itself will 
be unfavorably affected, normal structures may be seriously injured. 

The experimental work referred to above, i.e., the injection of active 
deposit, etc., is of course valuable from a scientific standpoint. 
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In the field of internal modieino, the evidence seems to indicate that 
radium may be of benefit in 

(a) certain chronic joint disorders (notably rheumatoid arthritis and 
the joint disturbances of gout), 

(b) high blood pressure, 

(c) pernicious and other forms of anemia, 

fd) certain painful affections, such as some forms of neuritis, which 
it sometimes seems to ameliorate. 

There is so much possibility of error in estimating the value of radium 
when administered internally that many of the reports of benefit and 
cures must be accepted with the greatest caution until further experience 
has been accumulated. 



CHAPTER XXI 

PROFESSIONAL INJURIES DUE TO HADIUM 

Both local and constitutional injuries may be caused by persistent 
exposure to radium rays. 

LOCAL EFFECTS 

We have already described the acute inflammatory phenomena known 
as the ** radium reaction '^ that may result from radium rays that are 
allowed to act with sufficient intensity on the skin. The various manipula- 
tions required in making therapeutic applications render a certain amount 
of daily exposure to the rays almost unavoidable. As a result of these per- 
sistently repeated slight exposures, many workers suffer from a peculiar 
chronic dermatitis that afl:ects especially the ends of the first two fingers 
and thumbs. The skin becomes roughened and loses its elasticity. Fis- 
sures and atrophic changes in the skin may develop. The nails become 
brittle and thin. Exaggerated longitudinal striation and splitting of 
the nails may occur. Tiny wartlike epithelial tumors may form on the 
flexor surfaces of the ends of the fingers and thumbs. These tumors vary 
in superficial* extent from one millimeter to one-half centimeter or more 
and may project one or several millimeters above the level of the skin. 
They resemble a certain type of senile keratosis. They cannot be scraped 
oflf except with the greatest difficulty but when they are removed, a 
depression is left reaching nearly or quite to the corium. Even when 
removed they recur sooner or later and may persist for years becoming 
worse or better as the individual is more or less exposed to the raj's. 
Fortunately there has not been observed as yet any tendency to the 
development of epitheliomata in connection with radium keratoses. Sub- 
jectively the affected finger ends may show ''anesthesia, paresthesia of 
varying degrees, tenderness, throbbing and even pain. The persistence 
of such effects is notew^orthy.'' (Ordway.) 

CONSTITUTIONAL EFFECTS 

Those who are exposed more or less continuously to the gamma rays 
from radium may show various systemic symptoms, such as headaches, 
malaise, ''nervousness,*' attacks of dizziness, menstrual disorders, etc. 
The most common of these symptoms is probably a feeling of undue ex- 
haustion noted at the end of the day. In women, menstrual disturbances 
may occur. At first menorrhagia may be present. The menstrual func- 
tion may then become irregular and amenorrhea may result. Normal 

322 
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menstruation returns, however, after a*sonie\vhat prolono:e(l absence from 
radium work. Many workers in radium after a certain amount of ex- 
posure to the gamma rays develop definite blood changes. Gudzent and 
Halberstaedter examined twelve radium workers and found that blood 
changes were present in all. The effect on the white blood cells was 
shown by a relative and absolute lymphocytosis, which was present in 
every case. In two cases, the hemoglobin was decreased but the number 
of red blood cells was apparently not affected. It is probable that the 
lymphocytosis mentioned above was an early effect of the rays, analogous 
to the initial lymphocytosis noted after therapeutic injections of radium. 
Others w^ho have studied the blood changes in radium workers have 
found that leukopenia is practically always produced by persistent ex- 
posure to the gamma rays. Mottram and Clarke investigated the leu- 
cocytic blood-content of twenty laboratory and clinical workers engaged 
in handling considerable quantities of radium. The polymorphonuclear 
leucocytic and the lymphocytic blood content of all were found to be 
decidedly below normal. The leukopenia manifested itself a few weeks 
after exposure. After a holiday of two months, the polymorphonuclear 
leucocyte and lymphocyte counts rose decidedly but fell again upon 
reexposure to the rays. Hay ward-Pinch also found a leukopenia in 
radium workers. This author states that the total number of leucocytes 
may even fall as low^ as one thousand per cubic millimeter. The hemo- 
globin and number of red blood cells in radium workers are not as mark- 
edly or as constantly affected as the white blood cells. At first the hemo- 
globin may be slightly increased. Later it may be diminished. Sooner 
or later the number of ervthrocvtes is also decreased. 

No connection between the leukopenia and any condition of ill health, 
can, at present, be traced, although the possibility of untoward effects 
must be borne in mind. The constitutional effects of the gamma rays 
can be minimized or obviated by a sufficient amount of care in handling 
the radium. 

For the protection of those engaged in radium work, various devices 
have been installed. To guard against the local effects of the rays we 
use (a) special forceps of different patterns. One type resembles the 
ordinary surgical tissue forceps, except that the radium forceps are 
twelve inches long (Fig. 22). 

With these the radium tubes as well as the large radium pads can be 
conveniently grasped. Another type of forceps has three prongs at 
one end, with which even the smallest tubes may be picked up and held 
securely (Fig. 23). (b) Special ''holders** for screwing together the dif- 
ferent parts of screens or other radium apparatus (Figs. 25 and 26). 
(c) A special instrument by means of which one may wrap up the radium 
tubes in dental rubber dam without handling them with the finders 
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(Fig. 24). All metal instruments used in handling radium apparatus 
sliould be covered with rubber tubing. Since using these devices the 
local untoward effects of the I'adium have not been observed. 

For guarding against the gamma rays which are the main cause of the 
constitutional effects we use (a) heavy lead ** angle plates." These should 
be at least five centimeters thick and mav be set in a table or shelf at 
which the technicians may sit while manipulating the radium tubes. 
We have devised also a movable apparatus for the protection of the oper- 
ator. This consists of an upright heavy cast iron plate attached to wheels. 
The apparatus can be easily moved about so as to stand between the 
radium applicator and the operator (Fig. 34). (b) Baskets lined with lead 
for transporting the radium pads from the making-up room to the patient. 
The baskets may be carried about by means of a sling. By this procedure 
the radium is constantly kept at some distance from the body and the 
gamma ray effect on the spleen and other important organs is minimized. 

In addition to these precautions we have found that it is imperative 
that radium workers should abstain from work for at least two days per 
w^eek and should have frequent vacations of one or more months' 
duration. 
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Absorption {see Coufficieiit of absorption) 
Absorption of alpha rays, 43, 45, 70 
beta rays, 43, 4o, 47, 70 
gamma rays, 43, 44, 46, 70 

in water, 49 -08 
radiation in apparatus, 129-133 
in tissues, 133, 134 
method of calculating, 129-134 
radium emanation, by various sub 
stances, 24, 25 
selective, 104 
Acanthosis nigricans, treatment of, 294 
Acne, treatment of, 295 
Actinium, discovery of, 18 

emanation, 20 
Actinium series, atomic weights of, 20 
period of decay, 20 
radiation from, 20 
Actinomycosis, treatment of, 240, 286 
Alopecia, as result of radiation, 295, 296 
Alpha rays, absorption of, 43, 45, 70 
coloration effects due to, 72 
effect on blood cells, 82 
fluorescence, caused by, 71 
ionizing effect of, 69 
j)ropertie8 of, 40 
secondary radiation from, 44 
source of, 26 

therapeutic effects of, 88 
Altmann's granules, 88 
Amenorrhea, due to radium treatment, 

242 
Ampoules, emanation, descril>ed, 112, 113 
instrument for inserting, 113, 153, 156 
use in treatment of carcinoma, 107, 198. 
202, 203 
of epithelioma, 160, 188, 189 
of tumors, 144, 145, 156, 157 
Anemia, pernicious, treatment for, 320 
Angiomata, treatment of, cutaneous, flat, 
deej), 89, 111, 258 280 
superficial 273 
raised, hard 274 

soft or cutaneous 274 
subcutaneous 274-280 
submucous 274-280 
technic 273-280 
Angiosarcoma, treatment of, 270 
Apparatus, therapeutic, containing ra- 
dium emanation, 109-115 
ampoules or bare tubes, 112, 113 
needles, 113, 114 
tubes, 112, 113 
containin^^ radium salts, needles, 109, 
110 
plaques, 110, 111 



Apparatus, containing — Cont *d 
tubes, 109 
for use of radioactive deposit, on 
metals, 114 
on wire, 114, 115 
solution 115 
various types of, effects, 124 128 
Applicator, (see Apparatus, therapeutic) 
Arthritis deformans, treatment of, 313, 

319 
Auditory canal, treatment of affections of, 
298 

B 

Bacteria, effects of radium rays on, 73, 74 

Bare tubes (see Ampoules) 

Barium, associated with radium, 22 

Baths, radium emanation, 311 

Beta rays, absorption of, 43, 45, 47, 70 

effects on tumors, 90, 91, 92 

ionizing effect of, 69, 118 

properties of, 41 

screens for, 88 

secondary radiation from, 44 

therapeutic use of, 88 
Birthmarks (see Nevus) 
Bladder, carcinoma of, treatment, 211, 

Blastomycosis, treatment of, 286 
Blood coagulation of, 82 

effect of radium rays on, 80-82, 316- 
318 
thorium X on, 316, 318 
Blood pressure, effect of radium treat- 
ment on, 314, 320 
Blood vessels, effect of radium rays on, 
82, 96 
thorium X on, 316 
Bone, sarcoma of, treatment, 236, 237 
Bone marrow, effects of radium rays on, 

80, 86, 87 
Brain, effect of radium rays on, 85 

tumors of, 233 
Breast, carcinoma of, treatment, 212-221 
Bright 's disease, treatment of, 320 

C 

Cancer, effect of radium rays on, 90-102 
(sec also (carcinoma, Epithe- 
lioma) 
Carcinoma, effect of radium ravs on, 87, 
90-102, 158-227 
treatment for, of bladder, 211, 212 
of breast, 212-221 
of cervical glands, 202, 203 
of cervix uteri, 94, 150, 151, 221 227 
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Carcinoma, treatment — Cont 'd 

of esophagus, 205, 20G 

of fundus uteri, 226 

of inferior maxilla, 199-202 

of intestines, 206 

of larynx, 204, 205 

of lingual, buccal and pharyngeal mu- 
cous membranes, 189 

of mouth, 189, 199 

of ovary, teratoid, 228 

of penis, 208 

of prostate gland, 209, 211 

of rectum, 207, 208 

of stomach, 206 

of superior maxilla, 199 

of testes, 228 

of thyroid gland, 203 

of tongue, 198 

of tonsil, 198. 199 

of urethra, 208 

of uterus, 94, 150-151, 221-227 

of vulva, 208 
Carnotite, composition of, 21 
deposits of, 21 
discovery of, 21 
Cartilage, effect of radium rays on, 83 
Cataract, treatment of, 297-298 
Cells, malignant, effect of radium rays on, 

79, 80, 90, 102, 104, 145, 158- 
160 

normal, action of radium rays on, 77- 

80, 86-87, 104, 108, 145 
stimulation of, bv radium rays, 80, 93, 

96, 98, 99 

Cervical glands, carcinoma of, treatment, 
202, 203 

Cervix uteri, carcinoma, of, treatment, 94, 
150, 151, 221-227 

Coagulation of blood, as affected by ra- 
dium, 82 
thorium X, 82 

Coefficient of absorption, of beta rays, 118 
of gamma rays, 118, 138 
of x-rays, 138 

Conglutinal giant cells, 96 

Contractures, 188 

Cosmetic applications of radium^ 106, 111, 
245, 246 

Crookes tube rays, 41 

Curie, unit of radium emanation, 24 

D 

Darier's disease, treatment of, 294 

Deafness, treatment of, 298 

Debierne-Duane-Failla apparatus for ra- 
dium emanation, 29, 35 

Decay (see Radium, Radium emanation 
and Radioactive deposit) 

Delta rays, 44 

Dental mo«le]ing com])ound, 149, 189 

Dermatitis, following radium treatment, 
105 
papillaris capillitii, treatment of, 283 

Dermatology, radium in. 245-296 

Diabetes, treatment of, 320 

Distance, as factor in radium technic, 119, 
120, 124-129, 147 



Dosage, radium rays, deep effects, 129, 
130, 133 139, 149, 152, 154, 
155, 161 

duration of exposure, 140-141, 143- 
144, 155 

for children, 117 

frequency of repetition, 150, 155, 
160 

intensive, 160 

skin, permissible, 121-124, 155 

tissues, previously treated, 106, 188 

toxic, 315 
x-rays, deep effects 137-139 (see also 
under names of disease and or- 
gans) 
Ductless glands, diseases, treatment of, 
303-309 

E 

Ear, (sec Auditory Canal) 

Ectropion, treatment, 188 

Eczema, chronic, treatment of, 286, 289 

Edema, angioneurotic, use of radium for, 

320 
Electrometer, Wulf string, 50 
Electrons, theory of rearrangement in ra- 
dioactive substance disintegra- 
tion, 27 
Electroscope, use in measurement of, 
gamma ray activity, 35, 36, 51-53 
Wilson tilted, 53, 54 
Emanation, actinium, 20 
radium (see Radium emanation) 
thorium, 20 
fJndometritis, treatment of, 244 
^Epithelioma, diagnosis of, 160, 161 
treatment of, basal cell, 161-188 
cystic, 284 
eyelid, 147 
lip, 188, 189 
mucous membrane, 149 
nasal mucosa, 188 
skin, 160-188 
squamous cell, 160, 161 
Epithelium, histologic effect of radium 

rays on, 78 
Erythrocvtes, as affected by radium, 317, 
318 
as affected by thorium X, 317 
Esophagus, radium treatment of, 151 

carcinoma of, 205, 206 
Ethmoiditis, chronic, treatment of, 298 
Excessive radiation, results of, 100 
p]ye, effects of radium rays on, 85, 86 
Eyei>all, ])hosphorescence produced in, 8~» 
protection of, 147 



Failla machine for cutting glass tul)Os, 
113 
method of distinguishing tubes, 112 
modification of apparatus for prepara- 
tion of radium emanation, 29 
technic for inserting emanation am- 
poules, 156 
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Ferments, effects of radium rays on, 86 
Fibromyoma of uterus, treatment of, 241 

244 
Filters (see Screens) 
Filtration of rays, 45 
Finsen light, for lupus vulgaris, 285 
Fluorescence, due to alpha rays, 71 
Forceps, for handling radium tubes, 147, 

148, 323, 324 
Sim])son, 148, 324 
*'Fordyce\s disease,*' treatment of, 283 
Freer apparatus for treatment of larynx, 

205, 300-302 
Freer needle holder, 153, 204, 211 

G 

Gamma rays, absorption of, 43-44, 46, 70 

in water, 49-68 

activity, growth of, 33, 34 
measurement of, 35, 36 

effects, deep, 137-139 
on tissues, 88, 89 
on tumors, 90, 92, 93, 97 

intensity of, 63, 125-129 

ionization of, 42, 69, 118 

l>enetrability of, 70 

properties of, 41, 42 

screens for, 46, 70, 88, 117, 118 

secondary radiation from, 44 
Goiter, treatment of, 83, 308, 309 
Gout, treatment of, 319 

H 

Hair, affected by radium rays, 295, 296 
Heart, effect of radium treatment on, 313, 

314, 320 
Heat, in treatment of cancer, 199 
Helium, atom given off from radium, 21, 

26 
Hemorrhage, after ratliation, 96, 305, 306 

myopathic, treatment of, 244 

reduced, in leukemia, 305 
Henry's law, 25 

Herpes zoster, treatment of, 295 
Hodgkin*s disease, treatment of, 308, 320 
Hyi)eresthesia, use of radium, 295 
Hyperidrosis, treatmt-nt of, 295 
Hypertrichosis, treatment of, 295 
Hypertrophies, skin, treatnunt of, 294 

tonsil, treatment of, 302 



Idiosyncrasies, individual s^rnhitiveneHH to 

radiations, lOS 
Immunity, produced by radiation, 99 102 
Inflammation, due to radiurn ruv^ 75 hh 

103 105, n9, 2*5, 3>i ' ' 
Inhalation of radium r-ruauation, 311, :j|9 
Injuries, profesi-iorial, d-j'.- to radiuio :ys* 

324 ' 

Insufficient radiation, -.timiilation do" to 

98, 99 ' ' 

Int*'nsity of iruwutu r:,y*.^ c/.i, 125 lJ9 
radium rays, 49 



Intensity of radium rnya—Cont M 

affected by secondarv railiations, 139- 

142 
distance as varying, 119, 120, 124129 
x-rays, 49, 50, 137-139 
Internal medicine, radium in, 310 321 
International Radium Standard, 36 
Intestines, carcinoma of, treatment, 206 
Intratumoral radiations, 107 , 144, 145, 

155-157 
Ionization, effected by alpha rays, 69 
beta rays, 69, 118 
gamma rays, 42, (i9, 118 
radium rays, 89 
Ionization chambers, use in alxsorption of 
radiations, 49, 50, 51, 52, 60, 
66, 68 



Janeway dental modeling compound, 149, 

189 
July and Stevenson, steel needles, 113 

K 

Keloids, treatment of, 246-257 
Keratosis, treatment of, 294 
Kiilneys, effect of radium rays on, 84 



I 



Laryngology, use of radium in, 298-302 
Larynx, treatment for angioma, 299 
carcinoma, 204, 205 
papilloma, 298, 299 
sarcoma, 230 

technic of applications, 299-302 
tuberculosis of, 299 
Lecithin, theory, of cause of chemical 

changes in cells, 86 
L<fu<'0cyt4's, 4*ffe<t of radium rays on, 81, 
304, 316 
thorium X on, 316 
observation of, during treatment, 102 
lA'ukcmia, radioactive deposit treatment, 
320 
radium ray treatment, 81, 303 308 
lyrnphatie, 301, 305 
myelogenouM, 303, 30 1 
teehnic of, 306, 307 
Leukemia eutiH, treatment of, 291 
I><'ukoperiia, brought on by exponure to 

radium rayn, 323 
I>Mikoplakia, in".iUit*u1 of, 1H9,I98 
Li'dK-n elirofii«'u«» ♦•impN-x, treatriM'nt of, 

286, 289 
Lt^'heri [danuh, in-uiun'Ui nf^ 288 
Li'.'T, iriTi'i'l". Iff radium lay^ on, Hi 
Lu[>i/«t ''rvthi-ma tonus*, tn'atun-nt of, 287 

' 294 
l/jpui, Mil'^itr'i^, tr'at/o^rit of, 281^ '^Hi, 28'/ 
Lvoiptiadf'fioroa '*// llod/^io*n divawr; 
Lvfoptian^i^iorfiata, tfejitm<rit v. itli twlvmi 

rayij, 258, 275, 2H\ 
Lymphati/: ;/Iaiid^, ttftHu of r.i'\htm ray* 
oil, 80, 8'J, 87 
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Lymphosarcoma, radioactive deposit treat- 
ment, 320 
radium ray treatment, 230, 238, 239 

M 

Malignant cells, effect of radium rays ou, 
79, 80, 90-102, 104, 145 

Maxilla, inferior, carcinoma of, treatment, 
199-202 
superior, carcinoma of, treatment 190 

Melanosarcoma, treatment of, 229 

Menopause, due to radium treatment, 241, 
243 
dut» to x-ray treatment, 242 

Menorrhagia, treatment of, 244 

Mesothorium, discovery of, 18 

Metabolism, effect of radium treatment 
on, 314, 315 

Metastasis, treatment following, 160, 198- 
202 

Metritis, treatment of, 244 

Metrorrhagia, treatment of, 244 

Mica, *'pleochroic halos'* due to radio- 
activity, 72 

Microcurie, defined, 36 

Millicurie, a unit of measurement, 36 

Millicurie hours, computation of, 141, 142 
defined, 140 

Milligram hours defined, 140 

Molluscum contagiosum, treatment of. 
284 

Mouth, radium treatment of, 149, 189, 
199 

Muscle, effect of radium rays on, 83 

Myalgia, treatment of, 319 

Myopathic hemorrhage, treatment of, 244 

N 

Nails, as affected l>y radium rays, 322 
Nausi^a, due to radium reaction, 103 
Needle holder, Freer, 153, 204, 211 
Needles, containing radium emanation, 
113, 114 
containing radium salts, 109, 110 
Joly and Stevenson, steel, 113 
use in treatment of tumors, 144, 145, 
155, 156 
Nervous symptoms, effect of radium rays 

on, 84, 85 
Neuralgia, intercostal and sciatic, use of 
radium, 295 
of trigeminus, 319 
Neuritis, use of radium for, 295 
Nevus, treatment with radium ravs, 259 
280 
linear, 279, 283 

pigmentosus, 268, 269, 276-278, 281 
vascular, 206 
Niton, 24 
Noble gases, 24 
Nose, sarcoma of, treatment, 188 

O 

Otologv', use of radium in, 298 
Ovary, carcinoma of, treatment, 228 
effect of radium rays on, 84 



Packages, radium, preparation of, 153, 

154 
Pad, radium, 152-154 
Pancreas, effect of radium rays on, 84 
Papillomata, treatment of, 294 

larynx, 298, 299 
Parotid tumors, treatment of, 203-204 
Penis, carcinoma of, treatment, 208 
Phosphorescence, caused by radiation, 71 

in eyeball, 85 
Photogra]>hic action of radiation, 71 
Pitchblende, 21 
Plaques, radium, therapeutic use of, 106, 

110, 111, 124-130 
use in ei»ithelioma, 161 (see names 

of diseases and organs) 
Pleochroic halos (see Mica) 
Polonium, discoverv of, 18 {sec Radium 

F) 
'* Port-wine stains*', treatment of, 273 
Portals of entry, for insuring intensity 

below skin surface, 135-139, 

152 
Postoperative radiation, 159, 160, 189, 

203, 204, 211, 212 
Preoperative radium treatment, 159, 160, 

212 
Proctitis, following radium treatment, 

225 
Prostate gland, carcinoma of, treatment, 

209-211 
Protactinium, 20 
Protective devices, against radiations, 

147, 323, 324 
Pruritus, treatment of, 294 
Psoriasis, treatment of, 286, 288 

B 

Radiation, technic of, 146-157 

intra tumoral 155-157 

surfax'e, deep radiations, 150-155 
superficial radiations, 146-150 
Radiations (see Absorption) 
effects of, chemical, 72 

coloration, 71, 72 

decomposition, 72 

disintegration, 72 

heat production, 70 

ionization, 69 
iluorescence caused by, 71 
light emitted by, 71 
penetrability of, 69 70, 150 152 
phosphorescence, caused by, 71 
photographic action of, 71 
])roperties of, 40 
secondary, formed by screens, 48 

produced by rays, 44 
surface, 116, 117 
Radioactive deposit, active change, 26 

administration of, 311 

collection, on foil, 114 
on wire, 115 

described, 26, 114 

pathologic effects of, 311 



BaUioactive dt-poait— Ctint 'd 
rate of decay, 115 
slow ehnnge, '26 
Biilution of, :iS, 39, 113 
tliorapciitic use of, 20, 27, 114, ;Mi 
313 
Radiooctive rays (see Raaiatioii an.i Ki 

rliiiin Bays) 
Badioactivc subHtanrcB, defined, 40 
period of decay, 18 
Hcrirs described, 19 
tranitforniation theory, 18, L'7 
Rnilioaclivity, discovery iif, 17 
Sadiograiilis, sray mid made nitli ri 

diiim radiations, 71 
BmlioBonsibility (lee fersitiveiH'Ms to i 

radiatioHB) 
Badiothorinin, diwovery of, 18 
Badium, adniinistratiini of, '■iW, 311 
aualBcaic aiftlon of, 2DS 
atomic weight, 22 
chcniical iiiituro of, 22 
cotttent of various organs of Imily, ;il 
decay, 24, 

)ieriod of, 18 
disintcKration, tlicory of, 27 
cffoctH of on tissuoH, iiiorpljolujjii', :(1 

physiologic, ^13-313 
eiimiuation from body, ;ill:n;t 
citraction of, proecm, 22 
in iDtcrnol medicine, 310 321 
metallic state, 22 
oceurreni^e in nut tire, 22, 23 
origin of, 21 

standard, international, 36 
of various) countries, .lU 
Radium A, a dei'liy proiUii't of r.niUiii 
emanation, 25, 2G 
, propcrticii, 28 
Badiunt B, dcs>:rll>cd, 26 

properties, 28 
Haditim C, deserilied, 2I( 

propertiex, S8 
Radium C„ desi'ribwl, 20 
Radium C„ descriiiefl, 211 



properties, 28 
Ba^UDi E, deswilit^l, 2R 

properties, 28 
Radium (•", or polonium, 18, 20 
pfTcct on skin, Stj 
properties, 28 
Radium 6. atomic wciglil, 26, 27, 2» 
deacrilxHl, 26 
properties, 2S 
Radium emanation, absorption of, li 
different sulistnnees, 24, 2-", 
administnition of, 311 
activity of measiircnient, ;t.l-38 
atomic ivciglit, 24 
batbs, 311 
diemii^al liehavior, 24 
decay, 2,i 

period of, 2o, 34 



Radium emanation — Cont'd 

rale of, 33, 111 
iidinlation of, 311 
prei>aration of, 29-39, 111, US 
solution of, preparation, 38, 39 

theiapeutie use, 81 

Radium rays, effeet of, biobigie, 88-102, 
149150 
ionizingr, 42, 69, 89, 118 
on animal life, lower forms, 74, 7o 

liiglier forms, 75, 76 
on bacteria. 73. 74 
on lilood, 80-S2, 31(>-31S 
on blood pressure, 314, 320 
on blood vessels, 82, 90 
on bone marrow, 80, 86, 87 
on brain, 85 
on cartilage, 83 
on i-L-Us. ii..i-]ij:d. 86, 87 
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I, 314, 320 
I leucoeytes, 81, 304, 316 
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84 



I lymphatic glands, 80, 80, 87 
on muscle, 83 

on uorvous system, 84, 83 
on ovary, 84 
on jiancreas, 84 
on salivary ^l^nds, 84 
on skin, 70 80, 87, 127, 128, 155, 

245 
on spleen, 80, 81 
on stomach, 83, 84 
01) testis, 34 

on thyroid and thymus glands, 83 
on vegetable life, 74 
Hierilizing, 93-94, 159 
stimulating, on cells, 80, 93, 90, 98, 
99 
'liitni salts, preparation of, 22 
tlierapeulic usi' of, 22, 109, 310 
Reai;tion, rad iim, umtiiiorrliea, 242 

due to intratumoral railiations, 107, 

108 
due to surface radiations, 103-100, 

folloiviiifr trealment of epithelioma, 
189 

of libroid.K, 242, 243 

of spleen, 307 
inllanimalory, 73, 88, 103-lOS, 149, 



, lo; 

pliysiologic, 313, 322, 323 
secondary or deferred, 106 
selective,' 104-245 

telaiigici-tasia, 105, 106, 209, 273, 293 
.■lum, enrciuonia of, trealment, 207, 
208 



. treatment of, 149 
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Respiration, effect of radium treatment 

on, 314 
Khinology, use of radium in, 298 
Rhinoseleroma, treatment of, 286 
Kingworm, treatment of, 295 

S 

Sagnac, Rays of, 48 

Salivary glands, effects of radium rays on, 

84 
Sarcoma, treatment witli radium rays, 97, 
228, 229, 232-239 
treatment for, of bone, 236, 237 
of larynx, 230 
of mediastinal, 230, 232 
of nose and nasoi)harynx, 188 
of orbital tissue, 230 
of periosteal, 230 
of skin, 229 

of tonsil and postnasal space, 230 
of vocal cord, 302 
Scars, resulting from radium application, 
245 
treatment of, 246-249 
x-ray, treated with radium, 188 
Screen holders, 149, 150 
Screens for alpha rays, 45, 70 
beta rays, 45-47, 70, 88, 117, 118 
cosmetic applications, 245, 246 
deep effects, 118, 120, 130, 143 
eyeballs, protection of, 147 
gamma rays, 46, 70, 88, 117, 118 
plaques, 110, 111, 143 
tandem, 151 

treatment of angiomata, 273, 274 
carcinoma of bladder, 211, 212 
of breast, 216 
of cervix uteri, 225 
of esophagus, 205, 206 
of inferior maxilla, 202 
of larynx, 205 
of penis, 208 

of prostate gland, 210, 211 
of rectum, .207, 208 
of stomach and intestines, 206, 207 
of superior maxilla, 199 
of thyroid gland, 203 
of urethra, 208, 209 
esophagus, 151, 205, 206 
fibromyoma of uterus, 242, 243 
keloids, 247-249 
lupus erythematosus, 289, 294 
lupus vulgaris, 285 
metritis, 244 

nevus, pigmented, 282, 283 
sarcoma, 232, 233 
skin, 77-79, 143 

tuberculosis verrucosa cutis, 284, 285 
tumors, 91, 117 
parotid, 204 
various types, 46, 47, 150, 151 
"window" 47 

(see also names of diseases and organs 
treated) 
Sebaceous glands, use of radium for, 295 



Selective absorption, defined, 104 
Seli'ctive action, of radium rays, 104 
Selective reaction, 104, 245 
Sensitiveness to irradiations, carcinomata, 
158-160 
X rays, 159 
malignant cells, 98, 101, 102, 104, 145 
normal cells 104, 108, 145 
Simpson ampoule inserting instrument, 153 
Simpson forceps, 148, 324 
Skin, dosage, permissible, 121-124, 155 
effects of radium rays on, 76-80, 87, 127- 

128, 155, 245 
histologic changes of, due to ladiuui 

rays, 76-80, 127, 128, 245 
treatment of, radium, 245-296 
chronic infections, 284-286 
disorders of appendages of, 295, 296 
hypertrophies, 294 
inflammatory and granulomatous 

infiltrations, 286-294 
neuroses, 294, 295 
tumors, benign, 246 284 
malignant, 160-202, 246 
(see also names of diseases affecting 
skin) 
Spinthariscope, 71 

Spleen, effects of radium rays on, 80, 81, 
86, 306, 307 
of thorium X on, 80 
protection from rays, 225 
Springs, mineral, radium emanation con- 
tents of, 25 
Sterilizing effects of radium rays, 93, 94, 

159 
Stimulation of cells by radium rays, 80, 

93, 96, 98, 99 
Stomach, carcinoma of, treatment, 206 

effect of radium rays on, 83, 84 
Suprarenal ffland, as effected by thorium 

X, 317 
Sweat glands, use of radium in treatment 

of, 295 
Sycosis vulgaris, treatment of, 295, 296 
Synovial lesion of skin, treatment of, 294 
Syphilis, skin eruptions, treatment of, 280 

T 

Technic of radiation, 146-157 (see also 
names of diseases amenable to 
radiation) 
Telangiectasia, following radium treat- 
ment, 105, 106, 269, 273, 295 
Temperature due to radium reaction, 103 
Testis, carcinoma of, treatment, 228 

effect of radium rays on, 84 
Thermoluminescence, 71 
Thorium, diseoverv of radioactive i>roper 
ties of, 18 
emanation, 20 
Thorium series, atomic weights of, 19 
period of decay of, 19 
radiation from, 19 
Thorium X, biologic action of, 88, 89, 310 
effect on blood, 82, 310, 316, 317 
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Thorium X, effect—Cont'd 

on spleen and other organs, 80 
effects of Uirge injections of, 316, 318 
in treatment of anemia, 320 
leukemia, 307 
Thyroid gland, enlarged, treatment of, 309 
Thyroid and thymus glands, carcinoma 
treatment, 203 
effect of radium rays on, 83 
''Tinnitus aurium, '* treatment of, 298 
Tissue, connective, effect of radium rays 

on, 81, 82 
Tissues, effect of radium rays on, 77-80 

malignjint, treatment, 79, 80 
Tobacco, as affecting leukoplakia, 189 
Toiles, described, 110 

use in treatment of nevus, 273 
Tongue, carcinoma of, treatment, 198 
Tonsil, carcinoma of, treatment, 198, 199 
hypertrophy of, treatment, 302 
sarcoma of, treJitment, 230 
Toxic doses of barium, 315 

of radium, 315 
Trachoma, treatment of, 297 
Tuberculosis, of larynx, treatment of, 299 
Tuberculosis verrucosa cutis, treatment of, 

280, 281, 284-286 
Tuberculosis adenitis, treatment of, 240 

sinuses, treatment of, 240 
Tubes, emanation, 112, 113, 124-130 
''ba.re,'* 112, 113 (see also ampoules) 
for radium salts, 109, 110 
Tumors, effect of radium rays on, 89, 90- 
92, 144, 145 
intratumoral radiations, 107, 144, 14.', 

155-157 
screens in treatment for, 91, 117, 204 
treatment of, 153-157, 158-160 
brain, 233 

malignant, inoperable, 159, 160 
malignant, operable, 159 
mediastinal, 230, 231 
of eyelids, 234, 235 



Tumors, treatment of — Cont'd, 
parotid, 203, 204 
subcutaneous and submucous, 274-280 

U 

Uraninite, deposits of, 21 
Uranium, radioactive properties of, discov- 
ered, 18 
radium content of, 21 
Uranium series, atomic weights of, 20 
l)eriod of decay of, 20 
radiations from, 20 
Urethra, carcinoma of, treatment, 208 
Uterus, carcinoma of, treatment, 94, 150, 
151, 221-227 



Vagina, radium treatment of, 147 
Vernal conjunctivitis, treatment with ra- 
dioactive deposit, 114, 297 
Vocal cord, sarcoma of, treatment, 302 
Vulva, carcinoma of, treatment, 208 

W 

Waters, mineral, radium emanation in, 25 
Warts, treatment of, 294 



X-rays absorption of, 49, 50 
discovery of, 17 

effect on blood making organs, 86 
immunity experiments with, 99, 101 
keratosis, treatment of, 294 
penetrating power of, 44 
radium treatment following use of, 188 
reaction causing menopause, 242 
scars treated with r(idium, 188 
sensitiveness of carciuomata to, 159 
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